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Le genre Euplotes, qui a donné son nom 4 la famille des Eu p lo- 
tidae, ordre des Hypotrichida, a attiré l’attention d’un 
grand nombre de chercheurs: l’on doit sans doute cet intérét soutenu 
non seulement 4 la diversité et 4 la fréquence de ses formes, dont la 
répartition géographique est vaste puisqu’on les trouve aussi bien 
dans l’eau de mer que dans I’eau douce et qu’il en est méme d’origine 
muscicole, mais encore 4 la facilité avec laquelle on les cultive. Cepen- 
dant, il existe assez peu de travaux consacrés a l’ensemble du genre. 

Connu depuis fort longtemps puisque dés 1773 MULLER en décri- 
vait une espéce, ce groupe d’Infusoires ne devait prendre le nom 
générique d’Euplotes 1) qu’en 1838 sous le parrainage d’ EHRENBERG 
qui en donnait alors une bréve description: il avait d’ailleurs aupara- 
vant, en 1830, dénommé Euploea, terme auquel il devait renoncer 
celui-ci étant déja utilisé pour un groupe de Papillons. En 1841, 
DUJARDIN publie quelques pages sur une dizaine d’espéces que pour 
sa part il décrit, d’accord en cela avec Bory (1824), sous l’appellation 
générale de Ploesconiens: cependant, le terme Euplotes devait 
prévaloir. 

A son tour, STEIN lui consacre une courte étude en 1849 puis, en 
1881, KENT tente briévement de faire un rapport synoptique du 
genre et de ses espéces. MINKIEWICZ, en 1901, n’est pas beauco 
plus explicite et, malgré de nombreuses recherches faites 
cétés sur les diverses espéces dont les descriptions se multip 
on devra attendre le magistral travail de KAHL, en 1932, pour 
der une véritable ,,synopsis” du genre pris dans son ensemble: 
KAHL compte alors 34 espéces dont 12 créées par lui; malheureuse- 
ment, ses descriptions sont souvent trop sommaires et ses figures 
quelquefois hatives. 

Ce n’est pas un ouvrage de la méme envergure que PIERSON se 
proposait de faire en 1943, dans sa monographie consacrée au groupe 
Euplotes patella, mais ce mémoire a le grand mérite d’ éveiller latten- 
tion sur divers points douteux des descriptions antérieures et sur la 
nécessité, par suite, d’établir avec plus de rigueur, ainsi que. KAHL 
le souhaitait déja, les bases de la systématique du genre: la presque 
totalité des descriptions d’Euplotes *) repose en effet, jusqu’a présent, 


I. INTRODUCTION 


1) ev: bon, mAotns: navigateur. 

*) Voir, 4 ce propos, les travaux de: CLAPAREDE & LACHMANN, 1859; FRE- 
SENIUS, 1865; WRZESNIOWSKI, 1870; STOKES, 1888; PROWAZEK, 1903; MEUNIER, 
1907; GRIFFIN, 1910; GARNJoBST, 1928; WANG, 1930. 

*) Exception faite toutefois pour EF. crassus et E. eurystomus — décrit a tort, 
nous le verrons, sous le nom d’E. patella — dont l’excellente étude de CHATTON 
& SEGUELA (1940) a mis en évidence les caractéres que nous reconnaitrons ici 
comme étant permanents. 
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sur des caractéres souvent fort imprécis ou arbitrairement choisis. 

_ Devant ces faits et devant la difficulté que nous éprouvions nous- 
méme 4 classer telle forme ici plutét que 1a, il a paru nécessaire de 
rechercher d’abord les caractéres fondamentaux, réellement spéci- 
fiques du genre, de fagon a prévenir toute confusion entre les espéces *). 

Les moyens jusqu’ici mis en oeuvre s’étant montrés inopérants, 
restait a recourir aux techniques nouvelles. Or il se trouvait que les 
méthodes d’imprégnation 4 l’argent appliquées aux Infusoires par 
KLEIN en 1926 et perfectionnées en 1930 par CHATTON & LWOFF 
n’avaient pas encore, 4 notre connaissance du moins, été appliquées 
Systématiquement 4 la spécification du genre Euplotes: leur utilisa- 
tion a4 cet effet nous a fourni des renseignements extrémement 
précieux sur la structure superficielle de ces Infusoires et sur leurs 
caractéres fondamentaux. 

Le présent travail — esquissé déja dans une note préliminaire®) — 
expose les résultats obtenus. Il débute par un rapide apercu des 
diverses techniques employées et fixe la terminologie. I] présente 
ensuite une étude détaillée de la morphologie du genre et de ses 
caractéres spécifiques, puis discute la continuité de ceux-ci et leurs 
variations accidentelles. Suit une analyse de chaque espéce, mise 4 
sa place d’autre part dans un tableau synoptique. En conclusion, un 
rappel des résultats présentés; résumé final et bibliographie du sujet. 


II. A) MATERIEL ET TECHNIQUES 


a) Récoltes: presque tous les Euplotes décrits dans ce travail ont 
été récoltés soit en eau douce, soit en eau de mer‘): un seul (£. 


*) L’idée originelle de ce travail, commencé au Laboratoire d’Embryogénie 
Comparée du Collége de France, m’a été suggérée par M. le Professeur E. 
FAURE-FREMIET, Membre de 1’Institut, 4 qui je tiens 4 exprimer tout particu- 
liérement mon affectueuse reconnaissance: c’est 4 sa grande bienveillance, en 
méme temps qu’a ses précieux et inlassables conseils non dépourvus de fé- 
condes critiques, que je dois d’avoir pu le mener 4 bien. 

M. le Professeur P. P. Grasst, Membre de ]’Institut, mon Parrain au 
C.N.R.S., voudra bien également trouver ici l’expression de ma profonde 
gratitude pour la haute compétence avec laquelle il a constamment suivi et 
encouragé mes recherches. : 

Ce travail a été poursuivi et achevé au Centre de Recherches Hydrobiologi- 
ques du C.N.R.S. a4 Gif-sur-Yvette, ot son Directeur, M. M. LEFEVRE, m’a 
réservé une hospitalité dont je suis heureux de le remercier ici. ; 

Je remercie trés vivement M. le Professeur M. PRENANT qui a bien voulu 
me faire ’honneur de présider mon jury, et toute ma reconnaissance va aussi 
4M. B. PossoMPEs, Professeur au P.C.B. 

Je tiens enfin 4 exprimer mes respectueux remerciements 4 M. le Professeur 
P. vAN OYE qui a bien voulu accepter de prendre en charge cette publication. 

5) TUFFRAU, 1954. =, at 
6) De nombreuses stations de la région parisienne ont ete prospectces acet 
effet, ainsi que le littoral de Concarneau et |’Aber de Roscoff (Finistére). 
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muscicola) provient uniquement de mousses préalablement humidi- 
fiées dans un cristallisoir, et trois autres, qui sont demeurés introuva- 
bles in vivo, (E. cristatus, E. plumipes, E. inkystans) n’ont pu étre 
étudiés que sur des imprégnations faites par CHATTON & SEGUELA 
ainsi que sur des préparations obligeamment données par le Dr. 
J. O. Coruiss, (University of Illinois). 

Dans la plupart des cas les prélévements d’eau comportaient un 
mélange d’algues ou d’herbes aquatiques que nous y laissions macé- 
rer: les Infusoires étaient alors triés sous la loupe binoculaire et 
répartis isolément sur des lames 4 concavité conservées en chambre 
humide. 

b) Observations vitales: Les observations in vivo, souvent facilitées 
par l’emploi d’une solution visqueuse telle que le Methocel, ont 
toujours précédé, dans la mesure du possible, toute espéce de fixation 
ou de coloration: elles ont été faites entre lame et lamelle dans les cas 
ou une légére compression de l’animal s’imposait; dans les cas con- 
traires — ou lorsqu’il s’agissait de voir la face ventrale de l Euplotes — 
nous nous sommes servi avec avantage de notre dispositif d’observa- 
tion en chambre a huile (TUFFRAU, 1959) 

c) Cultures: les Euplotes ne posent guére de problémes 4 ce sujet: 
Les espéces d’eau douce se cultivent trés facilement en eau de blé 
riche en Chilomonas ou en Bactéries, les espéces marines en eau de 
mer additionnée d’un peu de levure; les cultures sont d’abord faites 
en lames creuses a partir d’un seul individu puis, lorsque la popula- 
tion y est devenue assez abondante, transvasées dans des tubes a 
essai qu'il suffit alors de repiquer une fois par mois. 

d) Colorations: Nous avons utilisé efficacement, pour colorer la 
ciliature somatique et buccale des Euplotes, 1 Hématoxyline de DELA- 
FIELD aprés fixation dans un mélange a parties égales d’une solution 
d’Acide osmique a 2% et d’Acide phosphomolybdique en solution 
diluée: la ciliature se détache alors en un violet plus ou moins sombre 
sur un cytoplasme clair et mauvé. Nous nous sommes servi égale- 
ment d’un autre procédé qui a l’avantage de colorer en outre les 
cinéties et parfois méme les mailles dorsales: on fixe rapidement par 
les vapeurs osmiques puis, sans laver, on ajoute une goutte d’Héma- 
lun acide de MayYER qu’on laisse agir 5 4 15 minutes environ. Au 
moment que l’on juge opportun, on lave 4 l’eau distillée et on monte 
au Baume: la coloration est trés semblable a la précédente, mais elle 
est généralement moins foncée. Enfin, une simple fixation aux va- 
peurs Osmiques ou dans le liquide de DA FANo permet souvent d’ob- 
server avec fruit, quoique temporairement, la ciliature de beaucoup 
d’espéces. 

La réaction nucléale de FEULGEN a été presque constamment 
utilisée pour mettre en évidence les appareils nucléaires; cependant, 
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nous avons eu parfois recours 4 la double coloration au Vert de 
Méthyle-Pyronine. 

Le Rouge neutre est le seul colorant vital dont nous ayons eu a 
nous servir. 

e) Imprégnations argentiques: toutes les structures infraciliaires ont 
été étudiées a l’aide de cette méthode, telle qu’elle a été décrite et 
Mise au point par CHATTON & LworF, (1930—1935). Nous lui 
sommes redevables de presque tous les éléments nouveaux qui ont 
permis ce travail, dont l’illustration, pour sa plus grande partie, n’a 
pu étre réalisée que grace 4 elle. Le fixateur uniformément utilisé a 
été celui de CHAMPY. 


II. B) TERMINOLOGIE 


Les termes que nous emploierons au cours de cette étude sont pour 
la plupart empruntés aux travaux de CHATTON & LworrF: autant que 
possible, nous en rappellerons le sens au fur et 4 mesure que nous les 
utiliserons, mais peut-étre vaut-il mieux, pour les principaux, le 
faire dés maintenant. 

Par cin €tie, il faut entendre l’ensemble que constitue l’aligne- 
ment le long de minces cordons argyrophiles, ou cin étodes- 
m es, des corpuscules basaux des cils, oucin étosomes: ceux-ci 
peuvent, chez les Hypotriches, se grouper, hors de toute cinétie 
apparente, les uns contre les autres pour donner naissance a des 
faisceaux de cils coalescents, ou cirres, répartis sur la surface 
ventrale de l’Infusoire; il ne faut pas les confondre avec les lames 
vibratiles, ou me mbranelles, particuliéres 4 la région buccale. 

L’ensemble des cinétosomes constitue lPinfraciliature, 
ou cin étome, base de la ciliature proprement dite. L’ ar- 
g yr o mecomprend Ia totalité des fibrilles plus ou moins diverticu- 
lées, ouarg yronémes, quis’inscrivent entre les diverses parties 
du cinétome. 

En ce qui concerne, d’autre part, la dénomination individuelle des 
cirres suivant la place qu’ils occupent sur la face ventrale de chaque 
espéce, nous avons adopté la nomenclature proposée dés 1900 par 
WALLENGREN, de préférence 4 celle de CHATTON & SEGUELA, plus 
récente (1940), mais moins claire et d’ailleurs contestable; sans vouloir 
discuter ici de la valeur relative de chacune d’entre elles, remarquons 
simplement que celle de WALLENGREN découle trés logiquement de 
sa thése: les cirres, chez les Hypotriches, seraient en quelque sorte 
les ,,témoins” subsistants de cinéties disparues - ce que confirme 
l’étude des processus de morphogénése au cours de la division. 

Nous nous appuierons sur I’une des figures de WALLENGREN qui 
nous parait 4 méme de servir de référence quelle que soit, par la 
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suite, ’espéce envisagée: les lignes cotées en chiffres romains repre- 
sentent les ,,cinéties” fictives comptées de gauche a droite, a partir 
de la bouche; chacune supporte le ou les cirres qui lui sont afférents, 
désignés cette fois par des chiffres arabes également 4 partir de la 
bouche, c’est-a-dire de bas en haut. 


Fig. 1. La numération des cirres frontaux-ventraux et transversaux, d’aprés 
une figure de WALLENGREN (1900) (type: E. patella). 


Le schéma donné ici (Fig. 1) est celui d’Euplotes patella qui ne 
comporte que 9 cirres frontaux-ventraux: le dixiéme cirre de la série 
ventrale, qui existe chez d’autres espéces, appartient a la cinquiéme 
rangée ow il prend place au-dessus du cirre 2/V, se trouvant par 1a 
méme défini comme étant le cirre 3/V. Les cirres caudaux, qu’on ne 
peut rattacher aux précédents, n’entrent pas dans cette nomenclature. 

Au cours de ce travail, les termes droite et gauche concerneront 
toujours la droite et la gauche de l’Infusoire décrit: en conséquence, 
sauf quand il s’agira de figures dorsales, ils représenteront l’inverse 
de la droite et de la gauche de l’observateur. 


III. DESCRIPTION DU GENRE 
A. - Structure observée ,,in vivo”. 
a) Aspect d’ensemble: d’une facon générale (figures 2 et 48), les 


Euplotes possedent un corps plan-convexe plus ou moins régu- 
li¢rement ovalisé. Le cytoplasme, trés transparent quoique rempli de 
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Fig. 2. Schéma général d’un EUPLOTES (type FE. EURYSTOMUS: 
Ar. D. Argyrome dorsal; Ar. V. Argyrome ventral; B.D. Bord droit du péris- 
tome; C. Col antérieur; Cd. Cirres caudaux; Cin. Cinéties latéro-dorsales; 
Cyt. Cytopharynx; Ect. Ectoplasme; F.P. Fond du péristome; Fr. Vtr. Cirres 
frontaux-ventraux; L.P. Lévre péristomienne; Ma. Macronucleus; Me. A. 
Membranelles adorales; Me. P. Membranelles parorales; Mi. Micronucleus; 
Ni. ,,Niche” péristomienne; P.P. Plaque péristomienne; S.E. Sac endoplas- 
mique; S.V. Sillons ventraux; Tr. Cirres transversaux; V.C. vacuole contrac- 
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granulations diverses d’origines alimentaire, mitochondriale et méme 
bactérienne (FAURE-FREMIET, 1952), est limité par une épaisse 
pellicule ectoplasmique hyaline qui confére 4 toutes les especes une 
semi-rigidité bien caractéristique. 

La surface ventrale, plane ou légérement concave, définie par la 
présence de l’appareil buccal, comporte seule la ciliature proprement 
dite, tandis que la surface opposée — ou dorsale — généralement 
bombée, ne supporte que des rangées de soies fines. Celles-ci sont a 
peu prés immobiles, entourées 4 leur base par une rosace de baton- 
nets réfringents que VON GELEI (1934) interpréte comme des corpus- 
cules sensoriels, mais dont la signification réelle est encore mal 
connue; elles sont disposées tout au long de crétes plus ou moins 
accentuées concordant avec des cinéties pratiquement impossibles a 
voir ,,2” vivo’, dont le nombre varie d’une espéce a l’autre. A ce 
sujet, il est important de noter que si les crétes dorsales se confondent 
bien avec l’alignement des cinéties, ces derniéres ne déterminent pas 
toujours des crétes dorsales, lesquelles se voient d’autant mieux que 
l’Infusoire est moins gonflé — c’est-a-dire plus ou moins 4a jeun: de la 
vient que les descriptions faites jusqu’ ici ne sont pas toujours d’ac- 
cord avec le nombre de ces crétes, tandis qu’en fait les cinéties sont 
en nombre constant pour une espéce donnée. (cf: p. 12) 

b) Péristome: le péristome est situé ventralement sur le cété gauche 
du corps. Il détermine une dépression qui va jusqu’a occuper plus 
de la moitié antérieure de l’Eup/lotes: trés largement ouverte chez 
certaines espéces et alors de forme sensiblement triangulaire, cette 
dépression peut n’étre qu’une simple gouttiére chez d’autres. 

Le cété droit du péristome, limité antérieurement par un col plus 
ou moins prononcé et postérieurement par la cavité buccale, est 
recouvert d’avant en arri¢re par une mince lame ectoplasmique — ou 
lévre péristomienne — qui, partant de l’extrémité antérieure des 
membranelles adorales en un point souvent déprimé, se recourbe 
ensuite en une sorte de palette de contours variables au-dessus de la 
dépression; elle se prolonge ensuite ventralement au-dessous du 
niveau de la bouche, quelquefois en une créte assez accentuée. 

Le fond antérieur de la dépression péristomienne est constitué par 
une plaque unie d’autant plus importante que l’ouverture du péristome 
est plus grande: cette plaque, descendant en pente douce du bord 
gauche de celui-ci, s’interrompt 4 mi-chemin, chez certaines espéces, 
en une cassure sinueuse bien délimitée qui n’est en fait que l’aréte 
provoquée par sa brusque invagination vers la cavité buccale. 

c) Ciliature buccale: le cété gauche de la dépression péristomienne 
est bordé par une frange de fortes membranelles — ou membranelles 
adorales — qui, partant du coin antérieur droit du péristome con- 
tournent dorsalement le col de l’Infusoire pour revenir ventralement 
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en diagonale, de gauche a droite, vers le cytopharynx ou elles s’inva- 
ginent jusqu’au cytostome. Ces membranelles sont supportées par 
des bases réfringentes en forme de bandes plus ou moins larges, 
chacune représentant 3 rangées de cinétosomes d’ow proviennent les 
cils dont Vagglomérat constitue la membranelle; généralement 

-arquées, ces bandes sont paralléles et d’autant plus courtes qu’elles 
sont plus proches d’une des extrémités de la frange: en sorte que les 
plus longues, qui sont aussi les plus fortes, longent l’extréme gauche 
du péristome. 

Au fond postérieur de la cavité buccale, et sur le cété droit a 
toucher le cytostome, se trouve disposée, en arc de cercle, une autre 
série de membranelles, beaucoup plus petites que les premiéres, et 
plus coalescentes sans qu’il y ait lieu toutefois de parler de membrane 
ondulante: ce sont les membranelles parorales. 

L’une et lautre série de membranelles représentent l’ensemble de 
la ciliature buccale. 

d) Cihature somatique: La ciliature somatique se répartit en trois 
groupes distincts de cirres épais et longs, susceptibles parfois de se 
dilacérer 4 leur extrémité, et dont les Infusoires se servent pour 
»marcher”’ sur le substrat: disons tout de suite a ce sujet que le mode 
de locomotion le plus courant chez les Euplotes est une marche rapide 
procédant par a-coups et que la nage, qui est plus rare et alors sou- 
vent hélicoidale, résulte surtout du battement -des membranelles 
adorales. 

Les trois groupes de cirres seront ici dénommés frontaux-ventraux, 
transversaux et caudaux. Les cirres frontaux-ventraux sont toujours 
au moins au nombre de 9; certaines espéces en possédent 10: ils sont 
disposés en général par rangées de 3 successives, et en biais sur la face 
ventrale immédiatement a droite du péristome. 

Les cirres transversaux, invariablement au nombre de 5 — sauf de 
trés rares exceptions dont nous aurons a parler ultérieurement 
(Chapitre V) — trouvent place un peu au-dessous du cytostome et a 
droite de celui-ci. Les quatre premiers cirres, en partant de 1a, sont 
étagés d’avant en arriére suivant une ligne fortement oblique relevée 
sur la droite, tandis que le cinquiéme, généralement un peu a part, se 
trouve approximativement au niveau du troisiéme. Ces 5 cirres 
transversaux sont situés prés de l’extrémité postérieure de 4 courtes 
crétes ventrales plus ou moins marquées, et de part et d’autre de 
celles-ci dans les rainures — ou sillons — qu’elles délimitent. 

Les cirres caudaux, disposés d’une facon assez espacée prés du 
bord postérieur du corps de l’Infusoire, sont le plus souvent au 
nombre de 4 mais, chez au moins 4 espéces (E. inkystans, E. crassus, 
E. mutabilis, E. charon), peuvent étre de 5 a 8 cirres: par contre, nous 
n’avons jamais rencontré d’espéce n’en possédant que 3, comme 
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Kant indique l’avoir observé chez E. moebiusi (=E. charon) et chez 
E. elegans. 

e) Structures endoplasmiques: de chacune des bases ciliaires de la 
face ventrale émanent des fibres intracytoplasmiques: elles se ré- 
partissent par groupes de 2 ou 3 sous forme de courts faisceaux plus 
ou moins divergents 4 partir des cirres frontaux-ventraux et des 
cirres caudaux, et en fibres isolées — plus épaisses que les précédentes 
— a partir des cirres transversaux; les 5 fibres issues de ces derniers 
convergent ensemble vers un point situé a l’extréme droite du col 
antérieur: c’est 14 que devrait se trouver le ,,motorium” de YOCUM 
(1918) que, comme TURNER (1933) et aprés lui CHATTON & SEGUELA 
(1940) nous n’avons pu observer. Effectivement, ROTH a montré 
(1957), a Vaide du microscope éléctronique, que le ,,motorium” 
n’était qu’une ,,région” ow les filaments convergeants s’entrelacent 
étroitement. Ce systéme fibrillaire complexe a donné lieu 4 de nom- 
breuses interprétations dont aucune ne semble véritablement satis- 
faisante: appareil neuromoteur pour YOCUM, systéme contractile 
pour GRIFFIN (1910), simple dispositif de soutien pour JACOBSON 
(1931), cet ensemble fibrillaire a été réétudié par TURNER dans ses 
rapports possibles avec le systéme argyrophile ectoplasmique. Nous 
pensons, quant 4 nous, qu’il ne faut voir 14 que de simples racines 
ciliaires, ou cinétorhyzes. 

A droite des 5 cirres transversaux et un peu au-dessous 4 l’écart 
de ceux-ci, se trouve une vacuole contractile. 

Sur le pourtour ventral de certaines espéces telles que E. patella et 
E. eurystomus, on peut voir de petites rosaces analogues a celles que 
lon observe le long des crétes dorsales, et il est 4 noter que des 
rosaces semblables peuvent se grouper a la base méme des cirres 
comme auprés de celles des membranelles adorales: elles sont con- 
stituées, la aussi, par des amas de batonnets fortement réfringents et 
bien visibles 7m vivo, rayonnant autour d’un centre apparemment vide. 

Les particules alimentaires ingérées par les Euplotes ne forment 
pas, comme chez d’autres Ciliés, une suite de vacuoles, mais elles 
sont groupées dans un ,,sac’’ post-buccal — ou ,,sac endoplasmique” 
de HAMMOND (1937) — qui se distend suivant l’abondance de la 
nourriture jusqu’a occuper toute la moitié antérieure droite de l’In- 
fusoire, parallélement au péristome dont il parvient 4 repousser 
quelque peu les parois du fond droit: il descend méme alors au- 
dessous du niveau buccal. Lorsque ce sac endoplasmique est plein il 
fait, dans le corps de l’Euplotes, une tache sombre en contraste 
marqué avec le reste du cytoplasme qui est translucide ou faiblement 
granuleux. 
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B. Structures révélées par les méthodes argentiques. 


Toute la surface du corps des Euplotes est recouverte par un réseau 
invisible im vivo de fibrilles argyrophiles, ou argyronémes, dans 
lequel s’inscrivent les bases des formations ciliaires. 

a) Argyrome: les argyronémes de la face ventrale composent entre 
eux des mailles polygonales plus ou moins réguliéres dont les dimen- 
sions et la forme varient non seulement suivant la taille de l’Infusoire 
mais encore suivant leur emplacement’): grandes et généralement 
allongées sur tout la partie frontale de l’Euplotes, dans la région 
antérieure du péristome et immédiatement au-dessous du niveau de 
la bouche, elles sont petites et plus circulaires, par contre, 4 l’appro- 
che du cytostome et autour du pore de la vacuole contractile. Tout 
se passe comme si la surface ventrale de l’Euplotes comportait pri- 
mitivement un réseau de mailles 4 peu de chose prés égales entre 
elles, mais qui auraient subi des étirements, des resserrements, des 
orientations dérivant du ,,modelage’’ de |’Infusoire lors de sa mor- 
phogénése... et c’est a vrai dire ce qui se passe, comme en témoig- 
nent les images de divisions observées si justement par CHATTON & 
SEGUELA. 

Un des étirements les plus caractéristiques que l’on puisse voir 
chez un Euplotes est celui qui concerne les mailles de l’argyrome 
comprises entre les cirres frontaux et les cirres transversaux, parti- 
culi¢rement entre le cirre frontal 2/III et le cirre transversal 1/IV: a 
cet endroit, les argyronémes sont tellement orientés suivant un axe 
longitudinal qu’ils arrivent le plus souvent 4 étre eux-mémes bout a 
bout, comme s’ils ne formaient qu’une seule fibrille. Par ailleurs, le 
pore de la vacuole contractile apparait comme une sorte de pdle 
d’attraction des mailles du réseau argyrophile, si l’on en juge par la 
disposition concentrique de celles-ci autour de lui et par leur resser- 
rement trés particulier 4 son niveau: si bien que l’aspect le plus 
courant du réseau en ce point évoque presque a coup sir l’image 
d’une toile d’araignée dont le pore en question serait le centre. 

Dorsalement il n’en va pas tout a fait de méme: d’une part la 
disposition des mailles entre les cinéties est sensiblement la méme 
partout — encore que ces mailles puissent étre plus ou moins grandes 
suivant qu’elles sont 4 plus ou moins grande distance des bords de 
VInfusoire -— d’autre part cette disposition dépend de lespéce 


7) Remarquons a ce propos qu’il nous a été impossible de voir le réseau a 
petites mailles, dénommé ,,réseau secondaire” par CHATTON & SEGUELA 
(1940), au-dessous de celui que nous décrivons; il ne nous semble pas exclu 
qu’il s> soit agi la d’un,,artefact”. 
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considérée. En effet, ce qui est remarquable c’est la constance - 
malgré quelques irréguiarités toujours dues a des bifurcations pro- 
venant de réorganisations encore inachevées (cf: chapitre V) — du 
dessin général de l’argyrome dans chaque espace intercinétien; ce 
dessin peut étre assez complexe ou au contraire trés simple, suivant 
le nombre de mailles, la facon dont elles se relient entre elles, et la 
présence ou non d’une, de deux ou de trois fibrilles paralléles aux 
cinéties qu’elles viennent affronter. 

b) Cinétome: les divers éléments de soutien de la ciliature que 
révéle ’imprégnation argentique, comprennent les plaques basales 
des cirres, celles des membranelles adorales et parorales, ainsi que 
les corpuscules dorsaux supportant les soies. Chaque cirre, comme 
chaque membranelle, est issu d’une plage granuleuse représentant un 
ensemble de cinétosomes distincts, souvent accompagnés d’un ou de 
deux cinétosomes plus gros (cinétosomes primaires de CHATTON & 
SEGUELA), auxquels se trouvent généralement accolées les petites 
rosaces de batonnets citées précédemment: les membranelles ont 
des bases allongées en forme de bandes étroites, tandis que les cirres 
possédent des bases polygonales variables couvrant tout ou partie de 
lintérieur d’une maille de réseau, celles des 5 cirres transversaux 
étant le plus souvent rectangulaires du fait de lalignement paralléle 
trés régulier des cinétosomes qui les constituent. 

Les corpuscules basaux des soies dorsales sont disposés le long 
d’un fin cinétodesme qui ne différe en rien, apparemment, des autres 
fibrilles argyrophiles du réseau. Ces corpuscules se présentent 
comme de petits granules de structure hétérogéne, ot le cinétosome 
apparait au centre d’un corpuscule plus volumineux dont les bords 
tirent vers le noir — le ,,cinétoplaste’’ de CHATTON & LworFrF (1931), 
le ,,basal Ring” de Von GELEI (1934). Bien que les soies qu’ils sup- 
portent ne puissent étre confondues avec des cils vibratiles, du fait de 
leur manque de souplesse et de leur quasi-immobilité, on peut con- 
sidérer que leurs alignements longitudinaux représentent de vraies 
cinéties: celles-ci occupent une position avant tout dorsale mais, a 
droite comme a gauche, les deux plus extrémes se trouvent déportées 
soit sur les cotés proprement dits, soit, plus souvent méme, sur les 
bords de la face ventrale; malgré cette opposition 
apparente, nousne distinguerons 1a qu’un seul 
ensemble de cinéties — dénommeées alors cinéties latéro- 
dorsales — et c’est leur nombre global qui sera envisagé pour chaque 


espece: ce nombre est en effet toujours le méme pour chaque individu 
d’une espéce donnée. 
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C.- Structure nucléaire. 


L’appareil nucléaire des Euplotes comporte un macronucleus et un 
micronucleus qui sont l’un et l’autre a peu prés invisibles in vivo: 
les diverses colorations nucléaires les mettent facilement en évidence, 
notamment la méthode de FEULGEN. (Fig. 2). 

Le macronucleus apparait comme un ruban, ou une bande assez 
€troite mais longue, plus ou moins contournée, épaisse ou aplatie 
suivant les espéces, fortement colorée aprés hydrolyse par le réactif 
de ScHIFF, le plus souvent peu vacuolisée et montrant des granula- 
tions chromatiques d’importance variable. Cette bande affecte, chez 
toutes les espéces en période d’interscission, une disposition générale 
que la plupart des auteurs ont comparée a celle d’un ,,C”’ ouvert sur 
la droite de l’Euplotes — c’est-a-dire dans une position inversée par 
rapport a l’observateur qui regarde |’Infusoire par la face ventrale 
(se reporter aux figures). Cette forme en ,,C” préte a des variantes 
plus ou moins complexes suivant les espéces, qui possédent chacune 
un macronucleus caractéristique dont l’aspect général est constant 
bien que les contours puissent en étre irréguliers. 

Le micronucleus est généralement assez petit, exception faite pour 
celui de £. tegulatus, n. sp., et pour celui de E. aberrans DRAGESCO, 
1960: sphérique ou oblong, il occupe une position plus ou moins 
distante de quelques « du noyau, encore que chez certaines espéces il 
soit tout a fait accolé a ce dernier; mais dans tous les cas, il se trouve 
sensiblement disposé au niveau de son tiers antérieur et sur sa gauche. 


D.- L’enkystement chez les Euplotes. 


Comme beaucoup d’Infusoires ciliés, certains Euplotes peuvent 
s’enkyster; sans oser affirmer que tous en sont capables puisqu’aussi 
bien nous n’avons pu examiner les kystes que chez quatre espéces *) 
il est cependant assez probable que la plupart des espéces sont a 
méme d’opérer, sous certaines conditions, le processus que nous 
allons décrire succintement®): bien que ce soit la sortir apparemment 
de notre sujet, il est nécessaire de montrer les différents aspects sous 
lesquels les Euplotes peuvent se présenter. 

L’enkystement dépend généralement de la dessication du milieu 
en période de sécheresse ou de la privation de toute nourriture, mais, 


8) BE. elegans, E. muscicola, E. inkystans et E. charon; des kystes semblables 
avaient déja été décrits chez E. charon (MoBtus, 1888, sous le nom de E. 
harpa; BUTSCHLI, 1889; GARNJOBST, 1928, sous le nom de E. taylorz) ainsi que 
chez E. harpa (MELANT, 1922... si sa détermination est correcte). 

®) Nous renvoyons, pour plus amples détails, 4 |’étude dont nous nous in- 
spirons pour ce résumé: FAURE-FREMIET, GAUCHERY & 'TUFFRAU, 1954), 
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au moins chez Euplotes muscicola, il peut aussi étre de régle apres la 
conjugaison pour chacun des ex-conjoints. Dans les deux cas, et 
c’est ce qui nous intéresse ici, le processus est le méme, tout comme 
Vaspect final. 

Examiné vivant, un Euplotes enkysté apparait a lintérieur des 
membranes kystiques (fig. 49) comme une petite masse a peu 
prés sphérique dépourvue de tout organite vibratile; ’imprégnation 
a argent permet de constater que seule la surface dorsale est visible 
sans que pour cela la moindre dédifférenciation ait modifié la surface 
ventrale: résultat de l’invagination de cette derniére au plus profond 
de I’Infusoire, par suite du repliement complexe autour d’elle de la 
face dorsale; un certain nombre de cinéties, comme aspirées, dispa- 
rait 4 l’intérieur du kyste ainsi formé (fig. 3). 


Fig. 3. Schémas de la disposition des cinéties 4 la surface d’un kyste d’E. 
muscicola (d’aprés FAURE-FREMIET, GAUCHERY, TUFFRAU, 1954). 


Quelle que soit Pespéce, la disposition des cinéties 4 la surface 
demeure la méme, seul le nombre apparent différe: on notera cepen- 
dant que les mailles de l’argyrome dorsal ne sont aucunement affec- 
tées par cette suite de phénoménes, ce qui permet d’identifier, au 
moins trés approximativement, l’espéce dont on observe le: kyste 
(voir chapitre suivant), 


IV. LES CARACTERES SPECIFIQUES 


Quels sont, maintenant, les critéres permettant une discrimination 
systématique des espéces d’ Euplotes? Dans l’étude générale du genre 
qui précéde, nous avons pu constater que, parmi tous les ca- 
ractéres décrits, beaucoup, sans étre négligeables, sont susceptibles 
de se présenter de fagon trés variable: nous avons vu que I état ali- 
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mentaire de chaque individu d’une espéce commune influait sensi- 
blement sur sa forme, sur le nombre et la disposition de ses crétes 
dorsales, sur le dessin de l’ouverture du péristome qui peut étre plus 
ou moins modifié par extension du sac endoplasmique, lui-méme 
dépourvu de contours fixes. La taille peut varier dans les mémes 
conditions. D’autres détails, qui pourraient paraitre plus constants, 
comme la forme de la lévre péristomienne ou celle du col antérieur, 
_dépendent en grande partie aussi de la turgescence de |’Infusoire en 
un moment donné. 

Aucun des éléments précédents ne peut donc fournir un moyen 
stir de distinguer une espéce d’une autre puisque, pour une méme 
espéce, chacun d’eux se présente déja sous des aspects divers: 
Pinterprétation trop stricte de ce genre de caractéres a suscité 
dailleurs la création, autour de formes connues, de nombreuses 
variétés, dont il suffit de cultiver chacune 4 partir d’un seul individu 
pour reconnaitre qu’en fait elles se relient les unes aux autres: 
Euplotes patella MULLER, par exemple, apparait souvent dans un 
méme cléne (PIERSON, 1943; TUFFRAU, 1954) sous différents aspects 
selon importance de ses crétes dorsales ou |’ étalement plus ou moins 
prononcé de son cété gauche. Des phénoménes analogues s’observent 
chez toutes les espéces. 

Il devient donc nécessaire de rechercher s’il existe des caractéres 
stables reconnaissables dans le genre tout entier et ne présentant cette 
fois plus que des variations d’ordre purement évolutif qui ne puissent, 
en aucun cas, altérer leur homogénéité spécifique. 

Tous les auteurs qui ont traité des Euplotes se sont accordés a 
souligner l’importance, au point de vue systématique, du nombre et 
de la disposition des formations ciliaires ventrales, et ils ont généra- 
lement admis que les noyaux possédaient une forme propre a 
chaque espéce: ces remarques sont trés justes. Mais elles ne suffisent 
pas, a notre sens, 4 fonder une discrimination satisfaisante entre 
toutes les espéces observées: plusieurs parmi celles-ci possédent en 
commun, par exemple, 10 cirres frontaux-ventraux, d’autres ont des 
noyaux de forme assez voisine, une confusion serait donc possible 
si de nouveaux éléments n’intervenaient pas. 

Or, en étudiant la morphologie générale du genre Euplotes, et 
particuliérement les structures observées 4 |’aide des imprégnations 
argentiques au cours de leur morphogénése, il nous a paru que au 
moins deux autres caractéres se retrouvaient dans tous les individus 
de Pespéce considérée et ne se retrouvaient que chez 
eux: 

— le dessin tracé par les mailles de l’argyrome dorsal; 

— le nombre constant des cinéties latéro-dorsales. 

Dés lors qu’on utilise ces nouveaux éléments conjointement aux 
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anciens, il devient possible d’établir une véritable ,,clé” pour len- 
semble du genre, l’expérience ayant montré qu’un de ces éléments au 
moins différe toujours entre deux espéces. 

Nous proposons par conséquent d’admettre, pour le genre 
Euplotes, les caractéres spécifiques fondamentaux suivants: 

1) Lenombredes cinéties latéro-dorsales. 

2) Ladispositiondes mailles duréseauargy- 
ro phaleld or sed: 

3) Le nombre des cirres frontaux-ventraux, 
choisis parmi les autres cirres comme étant les plus distinctifs. 

4)La forme du macronucleus, 


V. LA CONTINUITE DES CARACTERES SPECIFIQUES 
ET LEURS VARIATIONS ACCIDENTELLES 


Nous avons établi qu’un certain nombre de caractéres subissent des 
modifications temporaires, diverses, et nous les avons en conséquence 
considérés comme secondaires. Mais ces variations ne doivent en aucun 
cas étre confondues avec les réorganisations périodiques que subissent 
les caractéres retenus comme spécifiques. 

En effet, ces réorganisations périodiques présentent successive- 
ment — du moins en ce qui concerne le dessin des mailles du réseau 
argyrophile dorsal et la forme du macronucleus — divers aspects qui 
risquent, si on les isole les uns des autres pour les soumettre a un 
examen en quelque sorte statique, d’infirmer les principes de classi- 
fication adoptés dans ce travail. 

Cette confusion ne sera plus possible, croyons-nous, si l’on veut 
bien examiner dans leur déroulement continu, comme 
nous allons le faire, les modifications auxquelles donne réguliérement 
lieu la réorganisation dorsale, puis le cycle macronucléaire; nous 
verrons, pour terminer, limportance qu’il faut attribuer aux trés 
rares variations accidentelles que l’on constate parfois dans le nombre 
des cirres de la face ventrale et dans celui des cinéties. 


A. Les processus de réorganisation dorsale. 


Nous avons constaté que le dessin tracé par les mailles de l’argy- 
rome dorsal était propre 4 chaque espéce; nous avons montré 
(chapitre III, page 12) comment ce dessin pouvait étre simple ou 
complexe suivant la présence d’une, de deux ou de trois fibrilles 
disposées longitudinalement entre chaque cinétie: quel qu’il soit, 
Pensemble de ce réseau posséde un aspect trés régulier dont les 
figures dorsales de ce travail peuvent donner une idée. Or, sur une 
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forte majorité d’individus observés, on constate qu’au sein méme de 
cette régularité — et sans que le dessin général en apparaisse vérita- 
blement modifié — des bifurcations plus ou moins nombreuses, des 
sinuosités plus ou moins marquées perturbent l’ordonnance de ce 
réseau: quel est alors le schéma fondamental? 

En fait, la ,,clé”” de détermination dont nous avons parlé 4 la fin du 
chapitre précédent n’est évidemment utilisable que pour des indivi- 
dus parvenus a !’état adulte, encore que la connaissance des processus 
de réorganisation aprés division qui affectent les caractéres permette, 
la plupart du temps, de reconnaitre, dés le premier stade de |’ évolu- 
tion, ’espéce a qui l’on a affaire. 

La morphogénése de la face ventrale a été minutieusement décrite 
a Paide des techniques d’imprégnation a4 l’argent par CHATTON & 
SEGUELA en 1940, et nous n’y reviendrons que pour rappeler seule- 
ment, d’aprés ces auteurs, que les nouveaux cirres se forment, au 
cours de la bipartition, 4 partir de cinétosomes erratiques provenant 
de la base des cirres primitifs; ils se distribuent, par dédoublement, 
en nombre égal entre le proter’°) et l’opisthe sur lesquels leur mul- 
tiplication en plaques basilaires reconstitue les nouveaux cirres 
pendant qu’au fur et 4 mesure disparaissent les anciens (figs. 55 et 56): 
ce processus s’accompagne en méme temps de la formation d’un 

second réseau argyrophile qui, au cours de son extension, se substitue 
au premier. 

Les deux individus issus d’une telle division possédent ainsi une 
face ventrale qui — morphologiquement parlant — est achevée au 
moment méme de leur séparation et n’a plus qu’a s’accroitre: or, la 
réorganisation de la face dorsale est loin d’étre synchronisée. 

Nous avons constaté - comme CHATTON & SEGUELA, puis BONNER 
(1954) l’indiquaient déja — que Ja réorganisation de l’argyrome dorsal 
n’était jamais terminée lorsque le proter et l’opisthe se séparent. 
Bien plus, nous avons trouvé que, dans certains cas, la division 
suivante peut affecter l’un ou l’autre avant cet achévement. 

Von GELEI (1934), et 4 sa suite KLEIN (1936) puis CHATTON & 
SEGUELA ont montré que, postérieurement 4 la multiplication d’un 
certain nombre de cinétosomes €quatoriaux le long des cinéties 
dorsales, un néo-rés eau aux mailles petites et serrées s’accroissait au 
niveau de chaque chafne de corpuscules ainsi formée jusqu’a rem- 
placer peu a peu 1’ancien réseau par absorption progressive, pen- 
saient-ils, de celui-ci. C’était décrire un peu vite un phénomene 
complexe. 

Il est tout d’abord inexact de dire que le nouveau réseau se sub- 


10) Rappelons, d’aprés la terminologie de CHaTton & Lworr, que le terme 
de ,,proter” désigne l’individu antérieur issu d’une division, Vindividu posté- 
rieur étant ,,l’opisthe’’. 
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2 Hydrobiologia, XV. 1-2 


stitue A ancien: le proter et ’opisthe emportant l’un et l’autre une 
moitié de l’individu initial, le néo-réseau a seulement pour fonction 
de remplacer sur chacun la partie manquante en se raccordant sim- 
plement a l’ancien réseau: ce dernier demeure inchangé partout ou 
il a été respecté. 

D’autre part, plusieurs cas sont a envisager, selon le degré de com- 
plexité du réseau dorsal a reconstituer, c’est-a-dire selon qu'il doit 
ou non comporter des fibrilles longitudinales intercinétiennes: au 
cours de l’accroissement du nouveau réseau, celui-ci présente une 
limite plus ou moins méridienne (fig. 4, I et II; fig. 7, I) qui doit 
finalement s’intégrer au dessin spécifique sans l’enrichir d’une 
fibrille inutile si primitivement il n’en existe pas — type E. crassus, 
par exemple — ou, dans le cas contraire, se confondre avec au moins 
une des fibrilles préexistantes 4 la division —- type E. patella. 
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Fig. 4. La réorganisation de l’argyrome dorsal chez Euplotes crassus. I: les 
neo-reseaux apparaissent le long de chaque chaine de cinétosomes et croissent 
de droite 4 gauche; II: un début d’accroissement vers la droite se résorbe, les 
nouvelles mailles se développent; III: les bords intercinétiens des néo-réseaux 

s’alignent sur les cinéties. 


Nous avons choisi d’étudier d’abord ces phénoménes d’accroisse- 
ment et d’intégration du néo-réseau dans ce qui reste de l’ancien 
apres division chez une espéce marine, E. crassus, en raison de la 
simplicité de son réseau dorsal; nous avons pu ensuite, en connais- 
sance de cause, rechercher, sur les espéces a réseau plus complexe 
les stades correspondants. 

Euplotes crassus posséde dix cinéties latéro-dorsales reliées entre 
elles par des séries d’argyronémes transversaux, ce qui détermine 
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une sorte de ,,dallage”’ régulier (fig. 37): cette disposition, qui est 
celle que nous devrons retrouver aprés l’achévement total de la 
réorganisation, implique qu’aucune fibrille annexe ne doit subsister 
en travers desdits argyronémes. 

Au moment ov, aprés multiplication des cinétosomes équatoriaux, 
les néo-réseaux commencent a apparaitre, on constate qu’ils s’accrois- 
sent uniquement sur la gauche de chaque cinétie (fig. 4, I) un début 
daccroissement sur la droite étant rapidement résorbé. Cette 
croissance unilatérale est trés importante a noter car, s’il en était 
autrement (si elle se faisait de part et d’autre des cinéties) il advien- 
drait que les deux bords opposés des néo-réseaux voisins s’affronte- 
raient dans l’espace intercinétien et que méme la fusion des deux en 
un seul créerait une fibrille supplémentaire parfaitement insolite. 

L’accroissement progressif de chaque néo-réseau (il y en a autant 
que de cinéties) montre les mailles de ceux-ci gagnant de proche en 
proche et de droite a gauche sur la cinétie voisine (fig. 4, II) jusqu’a 
confondre leurs bords avec I’axe de celle-ci (fig. 4, III): cette crois- 
sance est d’autant plus rapide qu’elle se fait plus prés du niveau 
correspondant 4 la scission de l’individu primitif — antérieurement 
pour l’opisthe, postérieurement pour le proter. 

Au cours de leur mise en place qui se fait symétriquement sur 
chaque individu, les nouvelles mailles argyrophiles s’étagent donc 
plus ou moins les unes derriére les autres (fig. 5, IV), ce qui suscite 
momentanément des bifurcations et des sinuosités variées au niveau 
équatorial: nous retrouvons de cette maniére les irrégularités dont 
nous parlions au début de ce chapitre — qui ne sont autres, nous le 
‘voyons, que quelques—unes des phases de la réorganisation de l’argy- 
rome aprés division. 

A ce stade, le néo-réseau se distingue encore de I’ancien par le 
resserrement de ses mailles (fig. 5, V): l’accroissement final d’un 
Euplotes en post-division se fait donc seulement sur la moitié anté- 
rieure sil s’agit d’un opisthe, (fig. 6, VI), sur la moitié postérieure 
s'il s’agit d’un proter (fig. 6, VII). La réorganisation dorsale peut 
étre considérée comme terminée lorsque, toutes traces de bifurca- 
tions ou de sinuosités ayant disparu, toutes les mailles sont d’ écarte- 
ment égal en sorte que la simplicité premiére du réseau réapparait. 

Le cas de Euplotes crassus est celui de trois autres espéces (cf. 
tableaux synoptiques) et représente le processus de réorganisation 
le plus simple: en fait ce processus est pratiquement le méme chez 
les espéces ayant un réseau dorsal plus complexe, a ceci pres cepen- 
dant que les néo-réseaux s’accroissent alors de part et d’autre des 
cinéties de fagon que l’affrontement de leurs mailles en regard con- 
corde avec l’alignement des fibrilles intercinétiennes - chez EB: 
patella, par exemple (fig. 7, I et II) — ou recrée, par leurs croissances 
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2* 


Fig. 5. La réorganisation de l’argyrome dorsal chez Euplotes crassus. IV: 
»Etagement” des mailles du néo-réseau en croissance sur un opisthe; V: le 


néo-réseau est en place, mais ses mailles sont encore resserrees. 


Fig. 6. La réorganisation de l’argyrome dorsal chez Euplotes crassus. VI: Opisthe 
en achévement; VII: proter au méme stade. 
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inégales, limbrication des mailles primitives — chez E. gracilis, 
E. elegans et E. muscicola. 

Dans tous les cas, ces phénoménes de réorganisation concourent 4 
restituer sur chaque individu provenant d’une division le caractére 
dorsal qui est propre a l’espéce: par suite, toute irrégularité dans le 
dessin des mailles argyrophiles doit étre considérée comme l’indice 
dune réorganisation en cours, et non d’une variation. 
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Fig. 7. La réorganisation de l’argyrome dorsal chez Euplotes patella. I: croissan- 

ce des néo-réseaux de part et d’autre de chaque cinétie; alignement des mail- 

les droites sur la fibrille intercinétienne du réseau primitif; II: les mailles 

gauches rejoignent celles de droite, recréant la fibrille méridienne; le néo- 

réseau est en partie réalisé, et n’a plus qu’a s’accroitre en achevant sa mise en 
place. 


Cette derniére remarque nous a conduit 4 observer sur des clones 
cultivés 4 des températures différentes - notamment avec E. eury- 
stomus et E. patella — que le rythme des processus de division était 
totalement indépendant des processus de réorganisation dorsale que 
nous venons de décrire: de 5°C 424°C,le taux des divisions 
aipeniedte sans quc-s accélére pour cela la 
vitesse de réorganisation, si bien qu'il peut arriver 
qu’une division nouvelle intervienne a v an t la mise en place défini- 
tive des mailles de l’argyrome (fig. 8). Les deux individus nés de 
cette division présentent ainsi les marques de la réorganisation pré- 
cédente (qui continue) en méme temps que celle de la réorganisation 
qui commence; et cette intrication des deux dure jusqu’au remanie- 
ment complet. Quand de tels chevauchements se produisent trop 
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souvent par suite de divisions trop rapprochées, cela peut com- 
pliquer exceptionnellement le dessin initial spécifique, car il est alors 
plus ou moins masqué par les vestiges juxtaposés de réorganisations 
souvent trés anciennes: cas de E. mutabilis, par exemple (page 56). 


Fig. 8. Réorganisation commencante sur un opisthe d’E. crassus dont la réorga- 

nisation précédente est en cours: en haut, le réseau aux mailles serrées de cette 

réorganisation; au milieu, les bifurcations de mise en place et les néo-réseaux 

de la réorganisation commengante; en bas, les mailles de l’ancien réseau, in- 
changées. 


Les recherches de FAURE-FREMIET, ROUILLER & GAUCHERY, 
(1957) sur la réorganisation macronucléaire chez les Euplotes, ont 
montré incidemment que la durée moyenne de Vinterscission était de 
23 heures 4 28°C: on peut donc conclure des observations précéden- 
tes et de celle-ci que le temps nécessaire a la réorganisation dorsale 
est au moins de cette durée et lui est méme peut-étre parfois supé- 
rieur; de fait, les cultures entretenues 4 une température beaucoup 
moins élevée — au voisinage de 5°C — et n’ayant ainsi qu’un taux de 
division relativement bas — donc des périodes d’interscission né- 
cessairement plus longues — sont les seules dont les individus ont des 
réseaux argyrophiles dorsaux parfaitement achevés, c’est-a-dire 
présentant le dessin ,,type’”’ de l’espéce sans altération aucune. 

Notons en passant que la taille des individus, pour une méme 
nourriture, est directement liée a la durée de V’interscission: plus 
celle-ci est longue, plus la taille est grande. 

La lenteur avec laquelle se poursuit et s’achéve la réorganisation 
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dorsale en regard de la fréquence relative des divisions dans une cul- 
ture donnée, apparait ainsi la seule cause de modifications éventuelles 
temporaires, limitées 4 quelques individus, dans le dessin caractéris- 
tique de chaque espéce. 

Cette stabilité spécifique nous a incité 4 rechercher dans quelle 
_ Mesure on pouvait la considérer comme indépendante ou non des 
conditions du milieu; parallélement aux essais de cultures 4 des 
températures diverses dont nous venons de donner les conclusions, 
nous avons étudié l’influence possible de la nutrition en cultivant des 
clones soit avec des Chilomonas, soit avec des bouillons bactériens, 
soit encore avec des chlorelles ou de la levure: nous n’avons jamais 
constaté un changement quelconque dans la disposition des mailles 
du systéme argyrophile — aussi bien ventral que dorsal d’ailleurs — qui, 
plus est, ne s’est pas trouvé affecté, durant d’autres essais, par la pré- 
sence, en excés, de certains sels comme KCL ou SO,Mg, ou méme 
par la privation totale de Calcium. 

En conclusion, les images d’imprégnation argentique demeurent 
les mémes dans tous les cas et montrent avec netteté la continuité 
rigoureuse avec laquelle se perpétue le réseau intercinétien propre a 
chaque espéce. 


B. Le cycle macronucléaire. 


Ce que nous disions a propos de l’argyrome dorsal, au début de ce 
chapitre, peut s’entendre aussi bien pour le macronucleus: il n’est pas 
suffisant de considérer un caractére en période d’interscission, il faut 
Pobserver a1’ état adulte ou, mieux, a |’ état quiescent. 

D’aprés les travaux de FAURE-FREMIET, ROUILLER & GAUCHERY, 
lon peut supposer que pour le macronucleus des Euplotes, ce stade 
est trés court et qu’il se situe un peu avant la moitié de l’interscission: 
c’est 4 ce moment, en effet, qu’apparaissent les ,,bandes de réorga- 
nisation” dont le cheminement centripéte va durer jusqu’au stade 
fusiforme précédant la division. Aprés la division, le macronucleus 
s’allongera, acquerra peu a peu la courbure caractéristique de l’es- 
péce — tous états transitoires dont les aspects multiples ne peuvent 
bien entendu étre considérés comme des variations mais qui rendent 
difficile 4 saisir le moment exact ou le noyau a enfin pris sa forme 
spécifique; l’image que nous donnerons pour chaque espéce doit 
donc étre considérée comme un point de repére moyen qui 
n’exclut pas la possibilité d’autres aspects. Ici ce seront des rami- 
fications plus ou moins compliquées; 1a, des différences de largeur ou 
d’ épaisseur. 

Les phénoménes de dégénérescence macronucléaire qui succédent 
4 toute conjugaison conduisent en outre a des modifications dont il 
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n’est pas toujours aisé de comprendre sur le champ la valeur: nous 
n’en voulons pour preuve qu’un exemple observé chez Euplotes 
eurystomus. Cette espéce comporte un noyau dont lallure générale 
s’apparente 4 celle du chiffre 3; or il arrive que ce macronucleus — 
sans cesser de se présenter sous ce dessin caractéristique — posséde en 
plus une sorte d’éperon arrondi plus ou moins long, placé en opposi- 
tion avec la branche antérieure, ce qui confére 4 l’ensemble une 
disposition en T qui n’avait été précédemment décrite que pour le 
noyau d’Euplotes woodruffi, Gaw, 19391): ’examen attentif des 
divers Euplotes présentant cette anomalie devait nous montrer que 
nous n’étions aucunement en face d’une ,,variété’’, (au sens de 
KaHL) mais bien que cette forme singuliére n’ était, en fait, qu’un des 
,moments” d’une dégénérescence progressive du noyau: toutes les 
transitions entre |’état normal quiescent et l’état de dégénérescence 
compléte étant facilement repérables (fig. 19, I a IX). 


C. Les variations exceptionnelles. 


La ciliature des Euplotes offre les caractéres les plus fixes: toute- 
fois, chez au moins deux espéces, des cas trés rares ont été observés 
d’une augmentation accidentelle soit du nombre des cirres de la face 
ventrale, soit du nombre des cinéties latéro-dorsales. 

Dans le premier cas, il s’agit de la migration insolite en dehors de 
toute division d’un ou de plusieurs des cinétosomes primaires ap- 
partenant a la base des cirres. La multiplication isolée de ces cinétoso- 
mes erratiques détermine en conséquence la formation d’un ou de 
plusieurs cirres supplémentaires: c’est ainsi que chez E. crassus et 
chez E. mutabilis — espéces toutes deux marines — on peut trouver 11 
et méme 12 cirres frontaux-ventraux au lieu des 10 habituels, et 6 a7 
cirres transversaux au lieu de 5. Ce phénoméne est beaucoup moins 
rare pour les cirres caudaux qui varient fréquemment de 4 4 6 et 
s’observe d’ailleurs aussi chez E. inkystans, ot il est peu commun, 
tandis qu’il parait de régle chez E. charon ow les cirres caudaux vont 
parfois jusqu’a 8. 

Dans le second cas, observé chez E. mutabilis exclusivement, l’une 
ou lautre des cinéties latérales — le plus souvent celle qui est située a 
gauche de l’Infusoire immédiatement sous les membranelles adora- 
les — subissent, également en période d’interscission, des élinéations 


™) Nous serions tenté, a ce propos, de croire que les deux espéces ne font 
qu’une — car elles ont bien d’autres caractéres en commun — si l’on n’avait pas 
décrit chez E. woodruffi une réorganisation de ce noyau en Travant la division 
qu’évidemment nous n’avons pas pu observer dans le cas qui nous occupe, 
puisqu’il s’agit ici d’un tout autre phénoméne. 
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) donnant naissance a de nouvelles cinéties paralléles aux cinéties 
méres: le nombre total des cinéties, ordinairement de 11, peut alors 
étre porté 4 12 ou 13 suivant les cas. 

Ce processus, dont nous ne saurions trop souligner la rareté et le 
fait qu'il n’appartient jusqu’a présent qu’a une seule espéce, est 
absolument inusuel chez les Euplotes: on sait qu’habituellement 
chaque cinétie voit ses cinétosomes se multiplier au niveau de I’ équa- 
teur au cours de la division et que cette multiplication a toujours lieu 
dans l’axe méme des cinéties: lascission étant perciné- 
tienne, le nombre final de cinéties sur chaque individus-fils demeure 
nécéssairement inchangé. Le cas d’E. mutabilis est, pourrait-on dire, 
?exception qui confirme la régle. 


VI. DESCRIPTION DES ESPECES 


L’analyse systématique des quatre caractéres spécifiques chez 
toutes les formes d’Euplotes rencontrées, complétée avec avantage 
par l’étude éventuelle d’autres caractéres (voir les tableaux synopti- 
ques en fin de volume), a permis de définir seize espéces — classées 
arbitrairement, en vue de faciliter les recherches, par le nombre de 
leurs cinéties latéro-dorsales — qui ne peuvent en aucune maniere étre 
désormais confondues entre elles, méme quand il s’agit d’espéces 
dont l’aspect est assez analogue zn vivo. 

Il n’était pas possible d’insérer dans les diagnoses la description, 
méme sommaire, du réseau argyrophile dorsal dont nous avons 
cependant souligné l’importance spécifique dans les pages précéden- 
fes: aussi renverrons-nous, pour chaque espéce, a l’un d’entre trois 
types” de réseau dorsal choisis comme étant les plus communs: 
type eurystomus (1 fibrille intercinécienne longitudinale), type 
pannus (pas de fibrille longitudinale), type muscicola (réseau serré de 
petites mailles). Toutes les diagnoses seront complétées par quelques 
commentaires destinés 4 préciser notamment ce point, la configura- 
tion du dit réseau étant par ailleurs représentée, pour chaque espéce, 
dans Villustration de ce travail. (chaque échelle correspond 4 10,). 

La nécessité d’utiliser l’imprégnation 4 l’argent ne constitue nulle- 
ment un obstacle: les Euplotes se multiplient toujours avec une 
grande facilité, et, ne disposerait-on que d’un seul individu, sa des- 
cendance surabonde au bout de quelques jours. 


2) ,,L’élinéation”, au sens de CHATTON & Lworr, désigne le processus par 
equel un cinétosome se divise non dans l’axe des cinéties, mais perpendiculai- 
‘ement 4a elles. 
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EUPLOTES TEGULATUS, n. sp. 


I. Diagnose: 

Marin. 109 a 124. Forme ellipsoidale allongée, légérement 
étranglée par le milieu: face dorsale assez fortement bombée, par-— 
courue par trois ou quatre crétes longitudinales; face ventrale au 
contraire creusée longitudinalement en goutti¢re, parcourue dans le 
méme axe et sur la droite par une créte accentuée se terminant en 
pointe 4 chaque bout. Péristome étroit, occupant les 2/3 antérieurs 
du corps; lévre péristomienne arquée, surplombant nettement tout 
le bord droit de la cavité buccale. 6 cinéties latéro-dorsales, 9 cirres 
frontaux-ventraux, 5 transversaux, 4 caudaux. Argyrome dorsal: 
type eurystomus, mais a deux fibrilles longitudinales. Macronucleus 
en forme de compas a branches d’inégale longueur, micronucleus 
exceptionnellement volumineux. (Figs. 9, 10 et 44 a). 
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Fig. 9. Euplotes tegulatus, n. sp. Fig. 10. Euplotes tegulatus, n. sp. 
(face ventrale). (face dorsale). 
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(I. Détails particuliers et structure infraciliaire: 


C’est le plus généralement sous la forme d’une courte ,,gouttiére”’ 
bu, mieux, d’une tuile romaine, que se présente cet Infusoire, trouvé 
dans les sables de la pointe de Mousterlin, prés Concarneau: il se 
meut trés lentement, en tournant parfois sur lui-méme autour de son 
grand axe, ce qui souligne cet aspect bien caractéristique. 

La créte ventrale, qui est assez accusée, s’insére antérieurement 
entre les cirres frontaux 2/III et 3/III et ventralement entre les cirres 
trransversaux 1/III et 1/IV; acuminée aux deux extrémités, elle se 
termine en avant et a droite du péristome par une sorte de petite 
pine dépassant légérement le bord de |’ Euplotes, en arriére par une 
longue pointe un peu arquée et surélevée au-dessus de la face ven- 
rale. 

Les 9 cirres frontaux-ventraux, a l’exception du cirre 2/II dont la 
situation est assez centrale, sont disposés en ligne courbe sur le pour- 
our antérieur droit du corps, les 3 premiers de la série se trouvant 
sur le bord de la lévre orale. Les 5 cirres transversaux, de beaucoup 
plus larges et plus forts s’inscrivent en diagonale au-dessous et a 
droite de ’ouverture buccale, les cirres 1/IV, 1/V et 1/VI nettement 
listants des deux autres par suite de l’insertion entre eux de |’épine 
Sostérieure de la créte ventrale. Sur les 4 cirres caudaux répartis a 
sroximité du bord postérieur de l’Euplotes, 2, au-dessous du péristo- 
ne, sont plus épais que les deux autres. La vacuole contractile prend 
lace immédiatement au-dessous et a droite des cirres transversaux, 
‘ous le troisiéme de la série.1*). 

Toute la surface dorsale d’ E. tegulatus posséde de fins protricho- 
systes qui, sous l’action du Rouge neutre, sortent du corps de |’In- 
usoire sous forme de petites boules bien colorées de structure ap- 
yaremment homogéne; d’autre part, le cytoplasme est entiérement 
empli de granulations grisatres indéterminées et de mitochondries. 

Dorso-latéralement, E. tegulatus posséde 6 cinéties, (4 dorsales, 
lus 2 latérales droite et gauche) séparées les unes des autres d’envi- 
on 20 yu et portant des petits cinétosomes espacés, bases des soies 
risibles 7 vivo et alors longues de 4 w. Ces cinéties sont inscrites dans 
in réseau de mailles argyrophiles assez particulier: a l’exception de 
‘espace intercinétien gauche dont les mailles transversales se re- 
bignent, a l’image de celles d’Euplotes eurystomus, sur une seule 
ibrille, les quatre autres intercinéties présentent chacune en leur 
nilieu 2 fibrilles longitudinales, paralléles aux cinéties, écartées une 


) Signalons qu’une espéce récemment décrite, E. aberrans DRAGESCO, 
960, ne différe guére de H. tegulatus que par ses cirres frontaux-ventraux 
ui sont au nombre de 8 et par la disposition plus arrondie de la forme en fer a 
heval de son noyau: malheureusement aucune image d’imprégnation n’accom- 
agne sa diagnose, ce qui limite toute comparaison avec ]’espéce décrite ici. 
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dons argyrophiles avant qu’elles ne se rejoignent mutuellement 2 
chaque extrémité; de part et d’autre de ces fibrilles, des cordons ar- 
gyrophiles plus nombreux les rattachent au cinétodesme le plus” 
voisin. Remarquons en passant que cet aspect dorsal est le seul de ce 
genre parmi toutes les espéces d’ Euplotes observées ici. : 

Du coté ventral, les mailles du réseau argyrophile sont grandes et 
de disposition généralement quadrangulaire: l’ensemble est orienté 
d’une facon nettement longitudinale, en sorte que l’on peut voir la 
créte, terminée 4 chaque bout par les 2 épines ventrales, supportées 
par une longue fibrille presque droite qui va des cirres frontaux 2/III 
et 3/III aux transversaux 1/III et 1/IV. 

La surface péristomienne est recouverte d’un réseau de larges 
mailles réguliéres en connection sur tout le bord gauche de l’ouverture 
buccale avec les bases assez étroites des membranelles adorales. Au 
fond et a droite du cytopharynx, les membranelles parorales appa- 
raissent trés fines et relativement peu nombreuses. 

Les bases des cirres sont souvent contournées plus ou moins com- 
plétement par un fin cordon argyrophile porteur de petites granula- 
tions qui semblent n’étre que de simples protrichocystes, sans 
jamais se présenter en forme de ,,rosettes” ou d’ ,,étoiles”” comme 
chez E.patella ou E. eurystomus. 


III. Structure nucléaire: 


Le macronucleus d’ E. tegulatus occupe une place relativement 
restreinte dans le corps de I’ Infusoire, puisqu’il ne mesure que 58 yu 
environ. Ce macronucleus a la forme générale d’un compas dont le 
sommet aurait été étiré en forte pointe et dont les deux branches 
épaissies au bout seraient inégales en longueur. 

Sa matiére est dense, légérement vacuolisée, et sa disposition telle 
que, la pointe étant en avant, son plus long cété descend sur la 
gauche de I’Infusoire en direction du pédle postérieur, tandis que 
Pautre coté, moitié plus court, vient sur la droite. 

La particularité la plus frappante de cet appareil nucléaire réside 
dans le micronucleus, d’une dimension exceptionnelle pour un 
Euplotes: situé en haut et 4 gauche du macronucleus, a peu prés au 
niveau de la pointe et a quelques 8 w de celle-ci, il apparait comme 
un disque de structure sensiblement homogéne, visible in vivo, 
intensément FEULGEN-positif, d’un diamétre de 7 4 8 uw —ce qui est 
€norme relativement aux dimensions du macronucleus et méme a 
celles de l’Euplotes tout entier. 
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de l’autre d’un peu plus de 4 y, et reliées entre elles par de rares cor- | 


EUPLOTES GRACILIS, Kaut, 1932 


. Historique: 


E. gracilis a été briévement décrit en tant qu’espéce nouvelle par 
<AHL en 1932. La forme ici désignée sous la méme appellation spé- 
ifique différe cependant quelque peu de celle de KaHL, mais les 
ariations constatées ne sont pas telles qu’on puisse en faire une 
spéce a part et il a paru préférable, jusqu’a plus ample informé, de 
a considérer comme étant bien E. gracilis: elle en a les caractéres 
ssentiels, notamment le nombre et la disposition des cirres frontaux- 
entraux, la forme de la lévre péristomienne et la taille exceptionnel- 
ement petite. 


I. Diagnose: 

Eau douce et mousses (Hypnacées). 37 4 50 w. Forme oblongue. 
éristome étroit et assez profond, recouvert en partie par une lévre 
yéristomienne importante dessinant antérieurement une ,,palette” 
esque rectangulaire. 7 cinéties latéro-dorsales; 9 cirres frontaux- 
rentraux assez longs et trés styliformes, 5 transversaux et 4 caudaux 
ins et courts. Argyrome dorsal: type muscicola. Macronucleus en C 
nversé montrant un épaississement de |’extrémité inférieure. (Figs. 
1, 12, et 44 b). 


Figs. 11 et 12. Euplotes gracilis, KAHL. 


[I. Détails particuliers et structure infraciliaire: 

Moins triangulaire que la figure KAHL, cette petite espece peut 
tre presque entiérement remplie par des particules alimentaires qui 
\issent cependant au cytoplasme une transparence remarquable; 
ien que Kant décrive sur le bord droit de I’Infusoire un agglomeérat 
yncé de ,,grands corps paraglycogénes”’, nous ne les avons pas vus, 
t il ne semble pas, en fait, qu’il y en ait eu dans les individus obser- 
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vés. Enfin, et ceci sera la troisiéme et derniére divergence d’aspect 
avec l’Euplotes décrit par Kant (si ’on excepte un détail du noyau, 
que l’on verra plus loin), nous avons noté la présence, non pas de 2 
crétes dorsales comme lui, mais bien de 4 45 crétes correspondant a 
quelques—unes des 7 cinéties latéro-dorsales que met en évidence 
Pimprégnation argentique. Ces derniéres comprennent chacune 10 a 
13 gros cinétosomes servant de bases a des soies, autour desquels — a 
les toucher — on peut voir, irréguliérement disposées, les habituelles 
rosaces de batonnets. Les mailles de ’argyrome intercinétien sont 
nombreuses, petites, le plus souvent hexagonales, et juxtaposees. 
Ventralement, le réseau argyrophile ne différe pas sensiblement 
du réseau dorsal, mais les mailles de l’argyrome sont un peu plus 
grandes et, sur la moitié antérieure droite de l’ Euplotes, leur disposi- 
tion allongée les oriente longitudinalement entre les bases des cirres 
frontaux-ventraux et celles des cirres transversaux. 


IV. Structure nucléaire: 

Rubanné et peu épais, généralement vacuolisé, le macronucleus de 
E. gracilis se caractérise notamment par un élargissement plus in- 
tensément FEULGEN-positif 4 l’extrémité inférieure; ce dernier est 
souvent en retrait ou décalé par rapport a l’axe général de l’extrémi- 
té; cette disposition, sans donner pour autant au macronucleus la 
forme sigmoide dessinée par KaHL, peut néanmoins quelquefois 
s’en rapprocher lorsque la partie épaisse inférieure se trouve, comme 
il arrive, légérement rejetée en arriére ou méme, accidentellement, 
détachée du reste; KaHL, dans ce cas, aurait pris l'exception pour la 
régle, ainsi qu’en témoigne son croquis. 


EUPLOTES TRISULCATUS, Kant, 1932 


I, Historique: 


KAHL a trouvé cette espéce dans des aquariums et de vieilles 
» cultures” provenant de milieux marins, tels que Sylt, Heligoland 
et Kiel. Il en donne trois figures assez précises et une description 
suffisante pour que nous soyons stir que l’espéce ici décrite est bien 
la méme quoiqu’elle n’ait pas été vue a I’ état vivant. 


II. Diagnose: 


Marin. 32 a 42 uw. Corps ovalisé plan-convexe de silhouette tron- 
conique vers larriére. Petit péristome assez étroit et peu profond; 
cytopharynx trés court. Lévre péristomienne antérieurement en 
forme de palette arrondie bien accusée. Fortes membranelles trés 
séparées les unes des autres; 7 cinéties latéro-dorsales; 10 cirres 
frontaux-ventraux, 5 transversaux, 4 petits cirres caudaux. Argyro- 
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me dorsal: type eurystomus. Mince macronucleus en C inversé trés 
ouvert. (Fig. 13, 14, 44 c) 


ue -_ 


Figs. 13 et 14. Euplotes trisulcatus, KAHL. 


III. Détails particuliers et structure infraciliaire: 

Les 7 cinéties latéro-dorsales comprennent de petits cinétosomes 
au nombre de 9 a 10 pour chaque rangée, a l’exception de la der- 
niére cinétie a gauche, de situation presque ventrale, qui n’en posséde 
que 3 ou 4. Une fibrille longitudinale, 4 peu prés rectiligne et tou- 
jours un peu déportée vers la droite court entre les cinéties qui sont 
reli¢es 4 elle par de fins argyronémes réguliérement espacés, alter- 
nant de part et d’autre sans jamais étre jointifs. 

La face ventrale posséde un argyrome assez peu dense, largement 
réticulé, avec des mailles comme d’habitude étirées en longueur: cet 
étirement se fait dans le sens de 3 crétes assez marquées allant des 
cirres transversaux aux cirres frontaux-ventraux. 


IV. Structure nucléaire: 

Macronucleus rubanné assez mince, vacuolisé et tres étiré en 
longueur, la forme classique en ,,C” étant ici largement ouverte. 
L’extrémité postérieure de ce macronucleus est moins recourbée que 
Vextrémité antérieure et elle présente une sorte de raidissement qui 
tend a la rejeter en arriére. 


EUPLOTES ELEGANS, Kau., 1932 


I. Historique: 

Il est difficile d’imaginer une diagnose moins fournie que celle de 
Kan. a propos d’ E. elegans, espéce pourtant nouvelle! Toutefois, 
les dessins qu’il en donne, malgré leur caractére schématique, per- 
mettent de croire que l’espéce décrite ici est bien la méme que celle 
qu’il observa dans les milieux saprobes, aux abords de Sylt et de Kiel. 
Mais la sienne possédait seulement — ce que note également DRa- 
GESCO, 1960 — 3 cirres caudaux, et la notre en compte 4. 


a1 


M419 AHL décrivit en outre une espéce qu’il nomma E. elegans forma 

. ralis, et qui présente, pour tout caractére spécifique, une variation 
€ Taille par rapport a la premiere, avec laquelle il semble bien qu’elle 

ive étre identifiée. Autre synonymie: E. bisulcatus, KAHL, 1932. 


e Diagnose: 

Marin. 52 4 82 w. Corps réguliérement ovalisé. Péristome tres vaste 
occupant les 3/4 antérieurs du corps avec un large déploiement de la 
frange adorale. Lévre péristomienne presque rectiligne ne recouvrant 
que partiellement la dépression buccale. 8 cinéties latéro-dorsales. 
9 cirres frontaux-ventraux, 5 transversaux, 4 caudaux. Argyrome 
dorsal: type muscicola, mais trés irrégulier. Macronucleus en forme 
de fer a cheval trés ouvert. (Figs. 15, 16, et 44 d). 


Figs. 15 et 16. Euplotes elegans, KAHL. 


III. Détails particuliers et structure infraciliaire: 


Si le quatrieme cirre caudal figuré ici n’existe pas, comme on I’a 
vu précédemment, chez l’Euplotes décrit par KAHL, non plus que 
chez celui observé par DRaGESCO, il est possible qu’une réorganisa- 
tion incomplete aprés division soit la seule cause de cette absence, et 
il ne semble pas qu’il y ait eu lieu d’en tenir compte. Le fonibre de 
cirres en cet endroit n’est d’ailleurs pas pour nous un critére spéci- 
fique. 

_Les 8 cinéties latéro-dorsales qui alignent de nombreux petits 
cinetosomes serrés les uns contre les autres, s’inscrivent sur un argy- 
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rome formé d’un grand nombre de mailles irréguliéres mais plutét 
allongées. L’ensemble constitue un véritable treillis analogue 4a celui 
observé chez E. gracilis et E. muscicola quoiqu’encore plus fin et plus 
irrégulier. Il est 4 noter que cette disposition de Pargyrome dorsal 
est propre a ces trois seules espéces et n’a été retrouvée chez nulle 
autre. 

Le réseau argyrophile ventral est une réplique agrandie de celui 
de la face dorsale: les mailles en sont assez irréguliéres, et relative- 
ment peu distinctement orientées, sauf dans le voisinage immédiat 
des cirres ou des bases des membranelles, ainsi qu autour de la va- 
_ cuole contractile ot le réseau, comme dans presque toutes les espéces 
d’ Euplotes, se ramifie en de multiples petites mailles. 


IV. Structure nucléaire: 

Le macronucleus rubanné est finement vacuolisé et en forme de 
fer a cheval trés ouvert; il est antérieurement acuminé et postérieure- 
ment se recourbe en forme de sabot. 


V. Kystes: 

Euplotes elegans peut former des kystes de résistance, en tous 
points analogues a ceux décrits chez Euplotes muscicola, (chap. III). 
Seuls different le nombre des cinéties latéro-dorsales qui restent 
visibles aprés invagination de la face dorsale, et, naturellement, le 
dessin du réseau intercinétien. 


EUPLOTES EURYSTOMUS, WRZESNIOWSKI, 1870 


I. Historique: 

Confondue fréquemment avec Euplotes patella, cette espéce, 
décrite pour la premiére fois sous le nom d’Euplotes eurystomus par 
WRZESNIOWSKI en 1870, semble avoir été vue dés 1838 par EHREN- 
BERG qui la dénommait alors E. truncatus: MaupPas (1888, 1889) 
rattachait Ja forme d’EHRENBERG 4 celle de WRZESNIOWSKI, mais 
croyait encore avec ce dernier qu’il ne s’agissait 1a que d’une variété 
d’E. patella. BALBIANI de son cété, en 1860, observait sans doute la 
méme espéce comme le suppose PERSON (1943), quand il décrivait 
E. modunensis: de la méme facon STOKEs (1888) en faisait E. variabi- 
lis. 

Il fallut attendre la révision de KAHL en 1932 pour qu’ E. eurysto- 
mus soit nettement séparé d’avec E. patella auquel, par contre, 
semblait devoir se rattacher I’ E. variabilis de STOKES. PIERSON, a 
son tour, confirme le travail de KAHL en étudiant E. eurystomus en 
tant qu’espéce et non plus en tant que variété, mais ajoute au genre 
une espéce nouvelle, E. aediculatus, qui nous parait etre simplement 
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3 Hydrobiologia, XV, 1-2 


E. eurystomus WRZESNIOWSKI, 4 quoi il convient de ramener égale- 
ment E£. variabilis, ainsi que le pensaient déja MAUPAS et PIERSON. 

Cette confusion dans les observations a fait que nombre d’auteurs 
ont traité réellement d’E. eurystomus en croyant avoir affaire a 
E. patella, tels que Yocum (1918), TayLor & FARBER (1924), 
TURNER (1930), COHEN (1934), HAMMOND (1937), CHATTON & 
SEGUELA (1940). Ces derniers auteurs sont toutefois les seuls a avoir 
étudié trés complétement le cinétome et l’argyrome de ce quils 
croyaient étre E. patella a Vaide des imprégnations argentiques: il 
est d’autant plus étonnant que le col antérieur de l’espéce qu’ils 
décrivent et la forme de son noyau n’aient pas davantage attiré leur 
attention, et ils ne semblent pas s’étre reportés aux descriptions de 
KAHL qui leur auraient indiqué qu’en fait ils s’occupaient d’Euplotes 
eurystomus. 

L’étude comparée des deux especes, telle qu’elle est tentée ici, peut 
seule permettre, croyons-nous, de prévenir toute confusion. 


Fig. 17. Euplotes eurystomus, WRZESNIOWSKI (face ventrale). 
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II. Diagnose: 


Eau douce stagnante. 105 4 160 yw. Corps en forme d’ellipse, un 
peu anguleux, aminci sur les bords droit et gauche qui s’étalent 
largement, rétréci vers l’arriére en forme de cone renversé. Petites 
rosaces sur le pourtour postérieur ventral. Grand péristome d’ ouver- 
ture triangulaire partagé en diagonale par la cassure sinueuse de la 
plaque péristomienne, surmonté antérieurement d’un ,,col’’ proémi- 
nent translucide. Lévre assez courte et arquée. Membranelles adora- 
les larges et espacées les unes des autres. Sac endoplasmique trés 
extensible. 8 cinéties latéro-dorsales. 9 cirres frontaux-ventraux, 
5 transversaux, 4 caudaux. Argyrome dorsal: une fibrille interciné- 
tienne longitudinale avec, de part et d’autre, des argyronémes trans- 
versaux. Macronucleus plus ou moins sinueux, affectant une forme 
souvent comparable 4 celle du chiffre 3. (Figs. 17, 18, et 44 e). 


Fig. 18. Euplotes eurystomus, WRZESNIOWSKI (face dorsale). 
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III. Détails particuliers et structure infraciliaire: 

Le sac buccal post-pharyngien peut, lorsqu’il est bourre de parti- 
cules alimentaires, se distendre jusqu’a occuper une trés grande partie 
du corps de l’Infusoire, mais il repousse alors le fond de la cavité 
péristomienne; cette derniére, lorsque l’ Euplotes est a jeun, c’est-a- 
dire lorsque le sac buccal est pratiquement inexistant, présente des 
replis tels qu’ils déterminent, juste au-dessus des membranelles 
parorales, une sorte de petite cavité supplémentaire comparable en 
tous points a la ,,niche” décrite par PIERSON (1943) pour caractériser 
son Euplotes aediculatus: de fait, la description qui en est donnée 
correspond a l’aspect d’un E. eurystomus privé de nourriture, si bien 
qu’il est difficile, semble-t-il, de voir 14 une espéce nouvelle. 

Dorsalement, les 8 cinéties, qui alignent un nombre variable de 
gros corpuscules portant de courtes soies seulement visibles 7m vivo 
ou aprés coloration par l’Hématoxyline de DELAFIELD, sont reliées 
les unes aux autres par des argyronémes transversaux; Ceux-Ci se 
rejoignent, au milieudel’aire intercinétienne, sur 
une longue et irréguliére fibrille longitudinale analogue en apparence 
au cinétodesme des cinéties. L’aspect de ce réseau argyrophile, ainsi 
que le nombre des cinéties, est particuliérement décisif pour distin- 
guer avec sureté E. eurystomus d’avec E. patella. L’argyrome dorsal 
de ce dernier, malgré ses analogies avec l’argyrome dorsal d’ E. eury- 
stomus, s’en distingue nettement pour deux raisons: 

— il comporte 9 cinéties au lieu de 8. 

— ses fibrilles intercinétiennes, au lieu d’étre 4 mi-distance entre 2 
cinéties, se trouvent toujours plus ou moins déportées vers la gauche, 
donc rapprochées de Pune d’entre elles."*) 

Les argyronémes de la face ventrale composent des mailles géné- 
ralement hexagonales, dont l’aspect, comme chez tous les Euplotes, 
varie avec Jeur emplacement: (Chap. III, B). 


IV. Structure nucléaire: 


Vu par Ja face ventrale, le noyau d’E. eurystomus, largement rubané 
mais aminci 4 chaque bout, affecte généralement une forme plus ou 
moins proche du chiffre 3: cette disposition est, avec la structure de 
Pargyrome dorsal, le plus stir moyen de distinguer cette espéce d’avec 


”) Les figures dessinées par CHATTON & SEGUELA sont donc bien celles 
d E. eurystomus, et ceci d’autant plus stirement que ces auteurs soulignent 
méme (p. 379) que la face dorsale comprend ,,14 rangées longitudinales de 
mailles polygonales”, ce qui correspond en effet exactement aux 7 aires inter- 
cinétiennes divisées par les fibrilles méridiennes. Ils précisent en outre (p. 
380) que la face dorsale supporte 7 alignements de bases de soies, tandis que 
ventralement et a droite ils en observent un autre: on retrouve donc, de cette 
maniére également, le nombre de 8 cinéties tel qw il est indiqué ici. : 
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du macronucleus d’ FE. eurystomus. 


r 


ft 


egenerescence 
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Fig. 19. laIX: stades successifs de d 


E. patella. Petit et sphérique, le micronucleus se trouve toujours 
écarté de quelques ~ du macronucleus: sa situation est au-dessous du 
niveau de l’incurvation médiane de celui-ci, dans son tiers antérieur 


gauche. 
EUPLOTES CRISTATUS, Kant, 1932. 


I. Historique: 

E. cristatus a été trouvé par KAHL dans la baie de Kiel. Nous avons 
retrouvé cette espéce en étudiant des imprégnations argentiques de 
CHATTON consacrées a E. crassus et ce sont 1a, mélangés 4 ceux-ci, 


ov 


les seuls individus dont nous ayons pu disposer, méme pour Pétude 
du noyau qui, par chance, se voyait dans certaines images. A notre 
connaissance, CHATTON n’en a parlé nulle part et Pon trouvera donc 
ici la premiére description de la structure infraciliaire de cet Euplotes. 


II. Diagnose: 

Marin. 55 475 w. Forme nettement ovoide, contours trés régulié- 
rement arrondis. Péristome étroit et assez court, levre peu saillante. 
8 cinéties latéro-dorsales. 10 cirres frontaux-ventraux, 5 transversaux, 
4 caudaux. Argyrome dorsal: type vannus. Macronucleus en forme 
de lame de faucille. (Figs. 20, 21, et 45 f). 
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Figs. 20 et 21. Euplotes cristatus, KAHL. 


III. Détails particuliers et structure infraciliaire: 


Les 8 cinéties sont constituées par l’alignement régulier de petits 
cinétosomes espacés le long des cinétodesmes, lesquels se trouvent 
reliés entre eux par un simple argyronéme transversal sans rami- 
fication: en sorte que le réseau dorsal d’ E. cristatus apparait comme 
une espéce de ,,damier” trés caractéristique et pour ainsi dire sans 
défaut. 

Le réseau argyrophile ventral est fait de mailles larges et par con- 
sequent peu nombreuses. En ce qui concerne la ciliature, il est a 
remarquer que l’alignement oblique des 5 transversaux est, par 
exception, placé trés en retrait, beaucoup plus loin de l’ouverture 
buccale que chez la majorité des espéces: les 4 caudaux s’en trouvent 
ainsi rapprochés, le pore de la vacuole contractile étant par 14 méme 
emserre entre ces deux groupes de cirres. 


IV. Structure nucléaire: 


baler: 
Comme l indique assez justement KAHL, le macronucleus de cette 
espece ne se replie que peu en avant vers le bord droit, encore que 
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cette disposition varie quelquefois d’un individu a Vautre; la 
branche postérieure, plus rectiligne que l’autre, descend obliquement 
vers Varriére de l’Infusoire, ou bien se replie légérement sur la 
gauche, le noyau prenant ainsi une forme en faucille assez particu- 
liére, d’autant plus accentuée que l’extrémité de cette branche est 
souvent épaissie. 


EUPLOTES CRENOSUS, n. sp. 


I. Diagnose: 

Eau douce. 50 4 75 uw. Corps trés réguliérement ovalisé; marqué 
antérieurement par une légére dépression coincidant avec un sillon 
creusé sur la face ventrale. Péristome trés étroit, lévre sensiblement 
rectiligne, membranelles adorales relativement peu nombreuses. 8 
cinéties latéro-dorsales. 10 cirres frontaux-ventraux, 5 transversaux, 
4 caudaux. Argyrome dorsal: type eurystomus. Macronucleus en 
forme de C inversé aux extrémités épaissies. (Figs. 22, 23, et 45 g). 


Figs. 22 et 23. Euplotes crenosus, n. sp. 


II. Détails particuliers et structure infraciliaire: 

L’argyrome dorsal intercinétien de cette espéce s’apparente a celui 
dE. eurystomus, mais en beaucoup plus irrégulier, les mailles trans- 
versales ne se rejoignant pas 4 proprement parler sur un cinétodesme 
médian, mais plut6t s’imbriquant les unes dans les autres suivant un 
axe approximativement paralléle aux cinéties. : 

L’argyrome de la face ventrale ne présente pas orientation par- 
ticuliére, si ce n’est au niveau du sillon longitudinal qui concourt a 
étirer quelque peu les mailles: elles sont le plus souvent petites, de 
forme polygonale réguliére et assez nombreuses. Le pore de la 
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vacuole contractile, situé au-dessous du cirre transversal 1/V, ne 
détermine pratiquement ancune ramification concentrique des mailles 
argyrophiles, qui sont simplement un peu plus resserrees 1a qu’ail- 
leurs comme chez tous les Euplotes. 


III. Structure nucléaire: 

Le macronucleus de cette espéce, trés vacuolisé et toujours aplati, 
posséde la forme caractéristique en C renversé de beaucoup d’Euplo- 
tes, mais il se distingue des formes voisines par un élargissement de 
ses 2 extrémités, principalement de l’extrémité inférieure: celle-ci 
est souvent renflée en ,,sabot”’ tandis que l’autre est simplement un 
peu plus grosse que l’ensemble. Le micronucleus, généralement 
oblong, est relativement gros, et occupe une position assez voisine du 
noyau. 


EUPLOTES PATELLA, MUtter, 1773 


I, Historique: 

Cette espéce, décrite pour la premiére fois par MULLER, d’abord 
sous le nom de Trichoda (1773), puis de Kerona patella (1786), a été 
rebaptisée Euplotes patella par EHRENBERG en 1838 avant d’étre a 
nouveau étudiée par DUJARDIN en 1841 sous le nom de Ploesconia 
patella. D’autres auteurs s’en occupérent a leur tour: CLAPAREDE & 
LACHMANN (1858, 1859), STEIN (1859), WRZESNIOWSKI (1870). 
KAHL en 1932 estime alors nécessaire de subdiviser FE. patella en 4 
formes qu'il nomme respectivement typicus, latus, alatus, et planc- 
tonicus, auxquelles il rattache la forme variabilis de STOKES (1887); 
cette subdivision est critiquée par PIERSON qui montre, dans sa mo- 
nographie de 1943, que les ,,formes” établies par Kant (a l’exception 
de variabilis qui lui parait assimilable 4 E. eurystomus) ne sont que 
des variétés temporaires d’Euplotes patella puisqu’on les retrouve au 
sein d’ un méme clone, ce qui leur dénie toute valeur proprement 
spécifique. TUFFRAU (1954) arrive aux mémes conclusions. 

Il est intéressant de noter que de nombreux auteurs semblent, a 
premicre vue, s’étre occupés d’E. patella pour des recherches d’ordre 
tres divers, mais, 4 la vérité, la plupart ont confondu cette espéce 
avec E. eurystomus (cf= p. 34): ceci donne a penser qu’ E. patella 
serait beaucoup moins fréquent qu’on ne le croit généralement. 

Autres synonymies: Coccudina keromina, Bory, 1824; Euplotes 
viridis, EHRENBERG, 1838; Euplotes paradoxa, KENT, 1880; Euplotes 


carinatus, STOKES, 1885; E. leticiencis, BOVEE, 1957; E. patella var. 
lemani, DRAGESCO 1960. 
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II. Diagnose: 


Eau douce stagnante. 105 4 145 w. En forme de disque oblong 
dapparence rigide, plan-convexe, tronqué antérieurement, trés 
aminci sur les bords droit, gauche et postérieur qui s’étalent large- 
ment. Péristome assez vaste, plutét triangulaire, divisé en diagonale 
par une plaque péristomienne incurvée; col antérieur peu prononcé. 
Grande lévre péristomienne hyaline, surplombant la dépression 
buccale en avant et a droite sous forme d’une mince palette rectangu- 
laire. 9 cinéties latéro-dorsales. 9 cirres frontaux-ventraux, 5 forts 
cirres transversaux, 4 caudaux. Argyrome dorsal: type eurystomus, 
mais fibrille déportée vers la gauche. Macronucleus en C inversé 
assez ouvert. (Figs. 24, 25, et 45 h). 


Seer | 


os 


Fig. 24. Euplotes patella, MULLER (face ventrale). 


III. Détails particuliers et structure infraciliaire: 
L’étalement latéral du corps de cet Infusoire, souvent tres carac- 
téristique, est en fait plus ou moins prononce suivant Ja plus ou moins 
grande turgescence provoquée par Pabondance ou non de ae 
ce qui a longtemps fait croire a l’existence de ,,varietes” ou de ,,for- 
mes” dans cette espéce: celles-ci ne sont en fait que des apparences 
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temporaires comme en témoigne I’étude suivie d’un cléne. Notons, 
par contre, que la forme de la levre péristomienne est un des traits 
constants les plus marquants in vivo de cette espece. 


Fig. 25. Euplotes patella, MULLER (face dorsale). 


Les 9 rangées méridiennes latéro-dorsales de cinétosomes (7 
franchement dorsales, 2 latérales) sont reliées entre elles par un réseau 
de mailles argyrophiles alignées, pour chaque intercinétie, sur deux 
rangées longitudinales. L’une de celles-ci, celle de gauche, est tou- 
jours moins large que l’autre: cette disposition dissymétrique, qui 
s’oppose a celle présentée par la face dorsale d’E. eurystomus, est 
trés importante 4 noter pour qui veut trier 4 coup sir les deux espé- 
ces, 

Du coté ventral, le réseau argyrophile est fait de larges mailles 
polygonales, distendues entre les cirres frontaux-ventraux et les 
cirres transversaux suivant l’alignement des 3 ou 4 crétes ventrales 
qui encadrent ces derniers, resserrées en un ,,treillis’? dense autour du 
pore de la vacuole contractile, et réguliérement disposées ailleurs. 
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IV. Structure nucléaire: 


Le macronucleus d’E. patella se présente, quand on l’observe par 
la face ventrale, comme un C renversé, assez ouvert, ayant le micro- 
nucleus 4 sa droite, un peu au-dessus de sa ligne médiane et légére- 
ment a1’ écart. 


EUPLOTES VANNUS, Mitr, 1786. 


I. Historique: 

Le premier, MULLER décrit cette espéce en 1786. En 1859, 
CLAPAREDE & LACHMANN décrivent Euplotes longipes et en 1865 
FRESENIUS crée Euplotes extensus. Euplotes vannus est 4 nouveau 
réétudié en 1901 par MINKIEWICz pour qui E. longipes et E. extensus 
ne sont qu’une seule et méme espéce avec celle de MULLER. Nous 
arrivons a la méme conclusion en ce qui concerne I’E. harpa décrit 
par PROWAZEK en 1902, qui n’est autre qu’E. vannus. En 1910, 
GRIFFIN décrit un Euplotes qui lui semble a vrai dire trés voisin des 
figures données par MINKIEWICZ, mais, arguant de ce que la forme du 
noyau lui parait un peu différente et que le nombre des membranelles 
pénétrant a l’intérieur du cytopharynx est 4 son avis plus élevé, il en 
fait une espéce nouvelle: Euplotes worcesteri. KAHL, en 1932, identifie 
avec raison les espéces étudiées par CLAPAREDE & LACHMANN et par 
GRIFFIN avec celle de MULLER complétée par MINKIEWICZ, mais il 
décrit par contre a part £. extensus, tout en reconnaissant la similitude 
probable de cette espéce avec E. vannus: il est évident que cette 
distinction n’est pas valable et, comme le faisait déja MINKIEWICZ, 
nous confondrons aussi l’espéce de FRESENIUS avec celle de MULLER. 
Parallélement aux auteurs cités, d’autres observateurs se sont occupés 
d’E. yannus: tels DUJARDIN, VAN REES, KENT, MAUuPas. 

Autres synonymies: E. marioni, GOURRET & ROESER, 1886; 
E. caudatus, MEUNIER, 1907. 


II. Diagnose: 

Marin. 75 4 97 w. Corps irréguli¢rement ovalisé, un peu étranglé 
sur la droite, au contraire faiblement élargi sur la gauche. Champ 
péristomien souvent étroit mais trés étendu; pas de col antérieur. 
Lévre légérement sinueuse. Membranelles épaisses et longues. Sac 
endoplasmique peu extensible, apparaissant 7m vivo sous forme d’une 
sorte de ,,poche”’ foncée oblongue, strictement localisée au centre du 
corps. 9 cinéties latéro-dorsales. 10 forts cirres frontaux-ventraux, 
5 cirres transversaux, 4 caudaux plus fins et plus rigides que les 
autres. Argyrome dorsal: argyronémes transversaux dans l’espace 
intercinétien. Macronucleus en forme de faucille irréguli¢re 4 manche 
acuminé vers l’avant. (Figs. 26, 27, 28, et 45 i). 
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Fig. 28. Trois aspects du macronucleus d’Euplotes vannus. 


III. Détails particuliers et structure infraciliaire: 


L’Euplotes vannus étudié ici est de forme moins nettement rec- 
tangulaire et plus petite que l’espéce observée par KAHL, mais pour- 
tant, comme elle, plutét allongé. In vivo, l’on reconnait tout de suite 
cet Infusoire a ce fait particulier que le sac buccal est trés restreint et 
de situation tout-a-fait centrale: cette disposition, que KAHL met bien 
en évidence dans la figure qu’il donne de cette espéce, fait qu’E. 
vannus apparait de prime abord comme un Infusoire incolore possé- 
dant en son milieu une tache noire, qui n’est en fait que l’accumula- 
tion en cet endroit de toutes les particules alimentaires ingérées. 
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Comme le souligne trés justement GRIFFIN, approuvé par KaHL, 
les derni¢res mem branelles inférieures pénétrent assez profondément 
dans le cytopharynx qui est vaste et dans lequel la courte série des 
membranelles parorales est assez éloignée du cytostome proprement 
dit. 

Le systéme argyrophile latéro-dorsal est trés simple: les 9 cinéties 
meéridiennes sont reliées entre elles seulement par des argyronémes 
plus ou moins rectilignes, composant de la sorte 8 rangées de grandes 
mailles rectangulaires assez réguliérement disposées. 

Les mailles argyrophiles ventrales sont disposées comme chez tous 
les Euplotes, c’est-a-dire polygonales et plus ou moins distendues 
entre les champs ciliaires antérieurs et les champs ciliaires de la zone 
équatoriale, ramifiées en multiples petites mailles autour du pore de 
la vacuole contractile, orientées ailleurs concentriquement 4 l’ouver- 
ture buccale. 


IV. Structure nucléaire: 

Le noyau d’E. vannus est certainement |’un des plus originaux 
parmi tous les macronuclei observables chez les Euplotes: sa forme, 
pour étre constante dans son schéma général, préte 4 de nombreuses 
variantes. La disposition typique de ce macronucleus, a en juger par 
la moyenne rencontrée, est celle d’un C ouvert sur la gauche mais 
pourvu d’une ,,cédille”; en d’autres termes, l’extrémité inférieure de 
la branche de droite (quand on observe ce noyau par la face ventrale 
de l’Euplotes) présente une prolongation épaisse déjetée en arriére, 
et plus ou moins acuminée. Dans certains cas, ou bien cette cédille 
est pourvue d’une pointe supplémentaire projetée en avant vers la 
branche adverse, ou bien elle est contournée irréguli¢rement, ou bien 
encore elle n’existe pas: le macronucleus apparait alors, dans ce 
dernier cas, comme un ruban mince replié en boucle sur lui-méme, 
les deux extrémités chevauchant l’une sur l’autre selon une disposi- 
tion en ,,cravate” qui semble néanmoins peu fréquente. (Fig. 28). 

Le micronucleus est assez peu volumineux: il se situe toujours 
trés prés du macronucleus, 4 droite de celui-ci, et dans le dernier 
tiers antérieur. 


EUPLOTES MUSCICOLA, Kant, 1932 


I. Historique: 

E. muscicola, @aprés KaHL, est une espéce cosmopolite tres ré- 
pandue dans les mousses humides: il en donne Ja description tout en 
faisant remarquer qu’elle est susceptible de modifications suivant le 
plus ou moins grand développement d’une ou de deux crétes dorsales. 
Partant de 1a, il crée les formes alatus et bialatus qui ne semblent étre, 
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4 vrai dire, que des variétés tout a fait passagéres sans signification 
spécifique. E. muscicola a été de nouveau étudié en 1954 par FAURE- 
FREMIET, GAUCHERY & TUFFRAU 4 propos des processus de son 
enkystement, mais dans ce travail comme dans celui de KAHL aucun 
détail, ou presque, sur son infraciliature n’en a été donné’*): c’est 
néanmoins sur les individus de la souche ayant servi a cette étude, 
que porte la présente description. 


II. Diagnose: 

Mousses. 60 4 70 yw. Forme ovale assez allongée avec, antérieure- 
ment et au-dessus du péristome, une légére troncature en biais vers 
la gauche. Péristome étroit et long, occupant les 3/4 antérieurs 
gauches de la face ventrale; lévre péristomienne mince et rectiligne. 
10 cinéties latéro-dorsales. 9 cirres frontaux-ventraux, 5 transver- 
saux, 4 caudaux. Argyrome dorsal: réseau serré de petites mailles 
hexagonales, sur 3 rangs. Macronucleus en forme de C inversé, angu- 
leux et trés ouvert. (Figs. 29, 30, et 45 j). 


——_—_ Figs. 29 et 30. Euplotes muscicola, KAHL. 


III. Détails particuliers et structure infraciliaire: 

Les faces latéro-dorsales d’ E. muscicola sont parcourues par 10 
alignements meéridiens, confondus in vivo avec des crétes plus ou 
moins marquées, de petits corpuscules portant des soies: ces corpus- 


15). Des taches accidentelles, survenues en cours d’ impression, ont malen- 
contreusement modifié la figure 3 page 160, de cette publication: les cirres 
frontaux-ventraux y apparaissent ainsi en nombre insolite alors que réelle- 
ment on doit en compter 9, comme indiqué ici. 
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cules, de structure complexe comme chez tous les Euplotes (Chap. 
III, p. 12) présentent ici la particularité de s’accroitre en diamétre 
jusqu’a 2 uw lors de l’enkystement, tandis qu’ils ne dépassent guére 
1 « sur les individus libres. 

Le réseau intercinétien dorsal est constitué par de courts argyro- 
némes formant entre eux des mailles hexagonales réguliéres générale- 
ment a peu prés équilatérales, et juxtaposées sur trois rangs sensible- 
ment paralléles entre chaque cinétie. 

Le réseau argyrophile ventral est formé, comme du cété dorsal, de 
mailles hexagonales alignées, d’une part, longitudinalement entre les 
deux premiers groupes de cirres, et d’autre part, concentriquement 
autour du pore de la vacuole contractile en un réseau extrémement 
dense et serré. 


IV. Structure nucléaire: 

Le macronucleus observé par KAHL offrait une forme sensiblement 
différente de celle que nous avons ici: alors que ses dessins indiquent 
un noyau arqué trés ouvert, nous trouvons une forme plus anguleuse 
et plus fermée. La réaction de FEULGEN révéle un macronucleus 
largement rubanné, fortement vacuolisé et flanqué d’un micronucleus 
ovalisé faiblement FEULGEN-positif mais d’assez grande dimension. 


EUPLOTES PLUMIPES, STOKES, 1884. 


I. Historique: 

_ Ilest trés difficile d’affirmer que l’espéce décrite ici est bien l’ho- 
mologue de celle décrite par STOKES et citée 4 nouveau par KAHL en 
1932; nous croyons néanmoins qu’une telle identification est plausi- 
ble: la présente forme offre en effet d’évidentes analogies avec E. 
eurystomus (nombre et disposition des cirres frontaux-ventraux, col 
antérieur, argyrome dorsal... etc.) dont déja SToKEs rapprochait 
son Euplotes: il se demandait méme s’il n’y avait pas lieu de confondre 
les 2 espéces, ce qui n’est pas l’avis de KAHL qui considérait cepen- 
dant E. plumipes comme une variété d’E. eurystomus. Or il n’est pas 
douteux que l’on doive, malgré cela, séparer tout-a-fait l’espéce qui 
nous occupe d’avec E. eurystomus, car elle en différe catégorique- 
ment par le nombre des cinéties latéro-dorsales qui est plus élevé 
(10 au lieu de 8), par des contours plus arrondis, par un péristome 
plus long que large et aussi par un macronucleus qui, bien que rap- 
pelant la forme du macronucleus d’E. eurystomus, s’en écarte par la 
complication habituelle de son dessin et par ses dimensions. II faut 
reconnaitre, 4 ce propos, que les images présentées ici — différentes 
en plus d’un point de celles que nous donnons du noyau d’E. eury- 
stomus — correspondent pourtant en partie aux noyaux décrits 
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justement chez E. eurystomus par KAHL ( 1932) et par PIERSON (1943): 
si bien que l’on pourrait finalement se demander laquelle des deux 
espéces est E. plumipes? La fréquence de l’une et la rareté de 1 autre, 
en plus des caractéres morphologiques, nous confirment dans | idée 
que l’espéce décrite ici doit effectivement etre assimilee a E. plumipes, 
et ceci d’autant plus que l’une des souches examinees provient, com- 
me celle de STOKES, des U.S.A.) 


Fig. 31. Euplotes plumipes, STOKES (face ventrale). 


16) Qu’il nous soit permis de remercier sincérement ici le Dr. J. O. Cortiss 
(University of Illinois) 4 ’'amitié duquel nous avons d’abord di de posséder 
cette espéce: il en avait apporté, lors d’ un séjour au Collége de France chez 
le Professeur FAURE-FREMIET, des préparations non identifiées faites d’aprés 
une récolte assez mélangée provenant de la ,,Carolina Biological Supply Com- 
pany” U.S.A. 

Longtemps aprés que le Dr. J. O. CorLiss nous etit donné ces préparations, 
nous devions retrouver E. plumipes sur des imprégnations de CHATTON, 
étiquetées a tort EL. eurystomus: la similitude des deux souches était totale. 
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II. Diagnose: 


Eau douce. 116 4 165 w. Corps ellipsoidal de contours plutét 
arrondis, les cétés droit et gauche s’étalant largement en s’amincis- 
sant sur les bords. Face ventrale assez plane, face dorsale faiblement 
convexe. Trés importante ouverture péristomienne triangulaire des- 
cendant bien au-dessous du niveau équatorial mais assez étroite. 
Membranelles adorales composant une large frange nettement si- 
nueuse. Col antérieur assez saillant. Large et mince lévre péristomien- 
ne surplombant d’avant en arriére toute la partie droite de la dépres- 
sion buccale dont elle épouse les contours. 10 cinéties latéro-dorsales. 
9 cirres frontaux-ventraux, 5 transversaux, 4 caudaux. Argyrome 
dorsal: type eurystomus. Grand macronucleus anguleux et refermé 
sur lui-méme, rappelant la forme du chiffre 3. (Figs. 31, 32, 33, et 
46k) 


Fig. 32. Euplotes plumipes, STOKES (face dorsale). 
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4 Hydrobiologia, XV, 1-2. 


III. Détails particuliers et structure infraciliaire: 

Les 10 cinéties latéro-dorsales sont composées de gros corpuscules 
arrondis réguliérement alignés. Les espaces intercinétiens possédent 
un argyrome que !’on peut en tous points comparer a celui d’ Euplotes 
eurystomus: de chaque cété des cinéties dorsales partent transversale- 
ment des fibrilles qui rejoignent, au milieu de l’aire intercinétienne, 
une fibrille longitudinale analogue 4 un quelconque cinétodesme. 

De grandes mailles argyrophiles constituent le réseau ventral: 
elles sont réparties autour des cirres et de part et d’autres des mem- 
branelles suivant le schéma habituel des Euplotes. 


Fig. 33. Trois aspects du macronucleus d’Euplotes plumipes. 


IV. Structure nucléaire: 

Le macronucleus d’E. plumipes est grand et contourné; rappelant 
celui d’E. eurystomus dont il a grossiérement la forme (approximati- 
vement celle du chiffre 3), il en différe cependant par un aspect plus 


refermé, plus complexe, des angles assez prononcés et un volume 
plus considérable. 


EUPLOTES INKYSTANS, CHATTON 


I. Historique: 


Espéce d’eau douce trouvée 4 Strasbourg (date = ?) dans une 
macération et non décrite par CHATTON, mais figurant parmi ses 
preparations et dénommée par lui. En méme temps qu’E. muscicola, 
elle a été étudiée par FAURE-FREMIET, GAUCHERY & TUFFRAU (1954) 
sous le rapport de ses processus d’enkystement, mais, jusqu’ici, elle 
n’a donné lieu 4 aucune figuration ni description compléte. 
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II. Diagnose: 


Eau douce. 70 4 80 u. Silhouette piriforme a contours trés large- 
ment arrondis. Une nette dépression antérieure interrompt cette ré- 
gularité, soulignant ainsi la proéminence caractéristique de la lévre 
péristomienne au-dessus de l’avancée en forme de proue du péristo- 
me. Péristome ¢troit, en gouttiére; cytopharynx peu profond, lévre 
plutét rectiligne. 10 cinéties latéro-dorsales. 10 cirres frontaux 
ventraux, 5 transversaux, 4 caudaux (trés rarement 5). Argyrome 
dorsal: type ewrystomus. Macronucleus en C réguliérement arrondi, 
a branches d’inégales longueurs. (Figs: 34, 35, et 46 1). 


Figs. 34 et 35. Euplotes inkystans, CHATTON. 


III. Détails particuliers et structure infraciliaire: 

Sur la face dorsale qui est trés convexe, les 10 cinéties sont reliées 
entre elles par un double réseau de fibrilles transversales constituant, 
a laide d’une jonction médiane, un ensemble de mailles réguli¢res 
rappelant de prés l’argyrome dorsal d’Euplotes eurystomus. 

Sur toute la surface ventrale, on n’observe que de grandes mailles 
irréguliéres diversement orientées aux alentours de la base des 
cirres et du petit pore de la vacuole contractile. 


IV. Structure nucléaire: 

Le noyau d’E. inkystans, tel qu’il apparait sur les imprégnations de 
CHATTON, c’est-a-dire souvent imparfaitement, semble de forme 
assez variable, mais en moyenne il se présente comme un tres mince 
ruban recourbé en C renversé réguliérement arrondi, Pouverture 
étant dirigée vers le cété droit postérieur, les 2 branches étant un 


peu d’inégale longueur. 


at 


4* 


EUPLOTES CRASSUS, Duyarvin, 1841 


I. Historique: 

DUJARDIN (1841) donne de cette espéce qu’il nomme Ploesconia 
crassa une diagnose assez courte, mais suffisante cependant pour que 
KaHL, reconnaissant l’identité de cette espéce avec l’ Euplotes viola- 
ceus décrit par lui en 1928, en fasse en 1932 l’Euplotes crassus dont 
nous abordons maintenant |’étude. En 1940, CHATTON & SEGUELA 
étudient avec soin le systéme argyrophile de cet Infusoire dont ils 
donnent plusieurs figures originales intéressantes. 

Autres synonymies: E. crassus yar. minor, KAHL, 1932; E. vannus 
var. balticus, KAHL, 1932. ; 


II. Diagnose: 

Marin et eau saumatre. 100 a 127 uw. Ovale allongé presque parfait 
Péristome long et trés étroit, levre péristomienne trés rectiligne et 
assez peu Saillante, cytopharynx court et ressérré. Sac endoplasmique 
un peu plus extensible que celui d’E. vannus, mais comme lui localisé 
vers le centre du corps. 10 cinéties latéro-dorsales. 10 cirres fron- 
taux-ventraux, 5 transversaux, 5 4 6 caudaux. Argyrome dorsal: type 


Fig. 36. Euplotes crassus, DUJARDIN (face ventrale). 
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vannus. Macronucleus en fer a cheval 4 ouverture dirigée vers le bas, 
augmenté dun prolongement en spatule 4 l’extrémité inférieure. 
(Figs. 36, 37, et 46 m). 


Fig. 37. Euplotes crassus, DUJARDIN (face dorsale). 


III. Détails particuliers et structure infraciliaire: 

Dorsalement parcourue par 8 longues crétes méridiennes, cette 
espéce se caractérise ventralement surtout par le dessin allongé du 
péristome; les cinéties latéro-dorsales sont reliées entre elles par un 
réseau simple de fibrilles transversales assez peu nombreuses. On a 
ainsi 9 rangées méridiennes de grandes mailles intercinétiennes 4 peu 
prés rectangulaires, comme l’ont trés bien vu CHATTON & SEGUELA: 
cependant, dans beaucoup de cas, une dixiéme rangée existe, mais 
on ne peut la considérer comme faisant partie du systéme dorsal, car 
elle trouve place entre la derniére cinétie a droite et les mailles irré- 
guliéres de l’argyrome ventral; cette disposition intermédiaire, assez 
exceptionnelle, mérite d’étre signalée sans qu’il faille lui attribuer 
une valeur particuliére. 

Les cirres caudaux sont en nombre variable suivant les individus, 
5 a 6, mais cette variation fréquente (qui existe aussi chez E. charon) 
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n’en altére pas la spécificité, comme en témoignent les autres caractéres 
qui demeurent constants. 

L’argyrome ventral est constitué de trés grandes mailles polygona- 
les, généralement allongées sauf autour du pore de la vacuole con- 
tractile ow elles se ramifient, comme a l’accoutumée, en une réticula- 
tion trés serrée. 


IV. Structure nucléaire: 

Les 2 branches qui constituent le ,,fer 4 cheval’? du noyau sont de 
longueur inégale et se terminent de facon différente: celle de droite 
qui est la plus courte, est généralement assez effilée du bout, tandis 
que l’autre, au contraire, s’épaissit en une sorte de spatule irréguliere 
a son extrémité, ce qui donne a l’ensemble un aspect dissymétrique 
trés caractéristique. 


EUPLOTES MUTABILIS, n. sp. 


I. Diagnose: 

Marin. 95 w. Forme plutét ronde amincie sur les bords. Cytoplas- 
me hyalin peu granuleux. Grand péristome; frange adorale trés 
arquée de courtes membranelles aux bases épaisses; profond cyto- 
pharynx. Sac endoplasmique assez important localisé au milieu de 
lInfusoire. Lévre péristomienne rectiligne aprés une courbure 
antérieure, puis dessinant au-dessus des membranelles parorales une 
sorte d’avancée en palette sensiblement rectangulaire; forte épine 
suborale dans le prolongement de la lévre péristomienne. Faibles 
crétes dorsales. 11 cinéties latéro-dorsales. 10 cirres frontaux-ventraux, 
5 transversaux, 4 45 caudaux. Argyrome dorsal: type vannus. Mac- 
ronucleus en faucille tres comparable a celui d’E. vannus. (Figs. 38, 
39, et 47 n). 


II. Détails particuliers et structure infraciliaire: 


Cette espéce a été trouvée dans Jes sables de l’Aber de Roscoff; 
elle s’est multipliée par la suite durant une quinzaine de jours, au 
Laboratoire, donnant une ,,culture” spontanée abondante. Celle-ci 
n’a malheureusement pas pu étre poursuivie. 

Sur la face ventrale, antérieurement, les cirres frontaux-ventraux 
s’inscrivent entre trois sillons accentués qui paraissent n’étre qu’une 
resurgence des sillons ventraux, encore beaucoup plus profonds, ow 
s’encastrent les 5 cirres transversaux. Postérieurement, les 4 45 
cirres caudaux — selon les individus — sont souvent dilacérés 4 leur 
extreémité et si larges qu’il est impossible de les assimiler a des soies; 
ils sont le siége d’une agitation constante méme quand l’Infusoire est 
immobile: celui-ci nage d’ailleurs assez peu et préfére comme la 
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plupart des Euplotes se déplacer sur le substrat a I’aide de ses cirres. 

L impregnation argentique des faces latéro-dorsales montre les 11 
cineties caractéristiques de cette espéce: c’est du moins le nombre le 
plus habituellement rencontré, encore que les processus d’élinéation 
particuliers a cet Euplotes aboutissent parfois 4 des nombres plus 
élevés, 12 ou 13. (cf.: Chap. V, p. 24) Ce cas représente une excep- 
tion dans le genre. 


Fig. 38. Euplotes mutabilis, n. sp. (face ventrale). 


L’apparence la plus fréquente de l’argyrome intercinétien est un 
réseau excessivement ramifié qui cependant ne nous parait pas devoir 
étre pris comme le dessin ,,type” mais seulement comme Il’ in dice 
de réorganisations dorsales multiples et tou- 
tesinachevées. (cf.: Chap. V) Les quelques rares images de 
réorganisation sur le point d’aboutir nous ont montré en effet que le 
réseau dorsal spécifique d’E. mutabilis devait étre analogue a celui 
dE. vannus par exemple, c’est-a-dire formé a I’état quiescent 
@argyronémestransversauxnonramifiés, et, de 
surcroit, assez espacés entre eux: nous pensons que la grande rapidite 
de multiplication dont cet Infusoire a fait preuve dans la seule po- 
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pulation que nous ayons pu observer doit étre la principale raison de 
la rareté de cet aspect. 

Quoiqu’il en soit, nous avons cru bon de figurer largyrome dorsal 
@E. mutabilis sous son aspect le plus courant, en sachant bien qu’il 
ne s’agit pas 14 d’un aspect stable: nous avons donc admis dans le 
tableau II une image de réorganisation qui présente a la fois cet 
aspect et celui que nous croyons spécifique. 


Fig. 39, Euplotes mutabilis n. sp. Cette image dorsale est typique des ramifica- 
tions que peuvent produire des réorganisations multiples et inachevées: 
(e est 1a un aspect courant chez cette espéce, alors qu’en fait le dessin initial 
spécifique, trés rare a l’état parfait, est celui du type vannus (cf. tableau II). 


La disposition de l’argyrome ventral correspond en tous points au 


schéma classique du genre et n’appelle pas de description particulié- 
co. 


III. Structure nucléaire: 


Le macronucleus WE. mutabilis, trés vacuolisé, s’apparente de prés 
a celui PE. vannus avec lequel il est parfois difficile de ne pas le con- 
fondre: mais ses extrémités sont plus souvent acuminées et il n’offre 
pas une telle diversité d’aspects irréguliers. 
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Le micronucleus, peu colorable par la réaction de FEULGEN, est 
petit et souvent difficile 4 voir. 


EUPLOTES CHARON, Miter, 1786 


I. Historique: 

Décrit successivement par MULLER en 1786, par EHRENBERG en 
1830, 1833, 1838, par DUJARDIN en 1841, par STEIN en 1859, Euplotes 
charon a donné lieu a des figurations si diverses que l’on peut se de- 
mander si chaque auteur a bien vu la méme espéce. GARNJOBST, en 
1828, crée d’autre part une espéce nouvelle, Euplotes taylori, qui 
semble n’étre qu’un E£. charon de forme plus allongée, avec, peut- 
étre, un péristome plus ouvert. En 1932, KAHL donne de cet Infusoire 
une description encore trop succinte, mais du moins accompagnée de 
dessins suffisants pour que nous puissions y reconnaitre l’espéce 
étudiée ici: il décrit par ailleurs deux prétendues variétés, E. moebiusi 
et E. moebiusi forma quadricirratus dont les affinités avec E. charon 
semblent en fait peu probables si l’on en juge par la grande différence 
de forme: nous penserions méme devoir les rattacher a E. crassus si 
la description qu’en donne KAHL n’était pas si sommaire. Autres 
synonymies: Trichoda cimex, MULLER, 1773; Euplotes appendiculatus 
EHRENBERG, 1838; Ploesconia charon, P. subrotunda, (?), P. radiosa (?) 


Figs. 40 et 41. Euplotes charron, MULLER. 
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P. longiremis, P. affinis (?), DuJARDIN, 1841; Euplotes affinis, E. 
affinis var. triccirrata, E. alatus, KAHL, 1932. 


II. Diagnose: 

Marin. 70 4 96 ju. Forme trapue 4 convexité dorsale trés accentuce. 
Trés vaste péristome ouvert en V, descendant souvent fort bas; levre 
péristomienne longue et sinueuse; nombreuses membranelles fortes 
et épaisses. 12 cinéties latéro-dorsales. 10 cirres frontaux-ventraux, 
5 transversaux, 5 4 8 caudaux. Argyrome dorsal: type eurystomus 
Macronucleus en forme de fer 4 cheval arrondi et trés fermé. (Figs. 
40, 41, et 47 0). 


III. Détails particuliers et structure infraciliaire: 

Les 12 alignements méridiens de gros cinétosomes sont portés par 
des cinétodesmes presque rectilignes; chaque intercinétie posséde 
une fibrille médiane longitudinale de part et d’autre de laquelle des 
argyronémes transversaux vont rejoindre la cinétie Ja plus voisine, 
déterminant ainsi un réseau serré de petites mailles approximative- 
ment rectangulaires et juxtaposées. 

Ventralement, les cirres caudaux sont en nombre variable, allant 
de 4 4 8 suivant les individus: rappelons une fois encore a ce propos, 
que cette inconstance n’entre pas en ligne de compte pour la déter- 
mination spécifique. 

L’argyrome ventral n’offre pas de caractére marquant a ceci prés 
qu’il est peu ramifié autour du pore de la vacuole contractile, qui est 


petit et constamment localisé juste au-dessous du cirre transversal 
1/IV. 


IV. Structure nucléaire: 

Le macronucleus est trés caractéristique de l’espéce: en forme de 
fer 4 cheval trés arrondi, son ouverture, qui est resserrée, est dirigée 
vers le cété inférieur droit de l’Infusoire. C’est une sorte de ruban 
large et plat, épaissi 4 chaque bout, et aux extrémités généralement 
acuminées. Le micronucleus est petit et de situation trés antérieure. 


EUPLOTES HARPA, STEIN, 1859 


I. Historique: 


C’est en 1859 que STEIN, le premier, donne une bonne description 
d’Euplotes harpa, bien qu’avant lui DujaRDIN, en 1841, ait sans doute 
vu la méme espéce qu’il avait alors nommée Ploesconia cithara. 
Depuis lors, quelques auteurs s’en occupérent, mais c’est surtout 
WALLENGREN, dans ses mémoires de 1900 et de 1901, qui a donné 
les meilleures images d’E. harpa, aprés celles de STEIN. En 1932, 
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KAHL ne fera qu’interpréter, assez incomplétement d’ailleurs, les 
figures de WALLENGREN pour donner a4 nouveau une description de 
cette espéce sans apporter beaucoup d’éléments neufs. 

Ici méme, nous décrirons E. harpa d’aprés deux souches totale- 
ment différentes qui se sont révélées parfaitement similaires du point 
de vue des structures superficielles: en effet nous avons pu disposer 
dune imprégnation a l’argent faite en 1939 par CHATTON et déja 
correctement identifiée par lui, puis, en 1955, nous retrouvions cette 
espéce dans l’Aber de Roscoff, non sans l’avoir auparavant cherchée 
en vain dans la région de Concarneau: ce qui donne 4 penser qu’elle 
nest pas trés fréquente. 


II. Diagnose: 

Marin. 150 a 160 y«. Contours largement ovalisés, le cété gauche 
étant toujours plus étalé que autre. Péristome trés largement 
ouvert. Plaque péristomienne sinueuse bien marquée. Lévre rectilig- 
ne sur sa plus grande longueur mais avancant antérieurement au- 
dessus de la dépression buccale en une sorte de promontoir arrondi 
plus ou moins fortement accusé. Membranelles adorales disposées 
en arc de cercle. 13 cinéties latéro-dorsales. 10 cirres frontaux-ven- 
traux, 5 transversaux, 4 caudaux. Argyrome dorsal: type eurysto- 
mus. Macronucleus relativement petit par rapport 4 la taille de ’In- 
fusoire, en C inversé anguleux, trés ouvert, et un peu sinueux sur la 
hampe médiane. (Figs. 42, 43, et 47 p). 


III. Détails particuliers et structure infraciliaire: 

In vivo, E. harpa se reconnait aussitot 4 sa grande taille - KAHL 
dit en avoir trouvé mesurant 260 yw — et aussi a la forme trés particu- 
liére de la lévre péristomienne (caractéristique de cette espéce, aux 
dires de KAHL) dont la proéminence antérieure nous parait cependant 
étre parfois moins accusée que ne l’ont vue les auteurs. 

Autre détail particulier de la face ventrale, déja remarqué par 
STEIN: la présence en haut et a droite de l’extrémité antérieure des 
membranelles adorales, d’une ,,épine” émoussée qui fait saillie, un 
peu comme une épaule, juste au-dessus des cirres frontaux. C’est la 
un caractére constant mais qui, soulignons-le, peut étre plus ou 
moins accentué suivant la turgescence de chaque individu: cela 
s’observe aussi chez d’autres espéces. 

Les 13 cinéties longitudinales sont formées par l’alignement, le 
long d’un fin cinétodesme, de trés petits corpuscules: ceux-ci sont 
les bases de soies semi-rigides que l’on ne voit qu’im vivo, mais on ne 
peut guére distinguer alors plus de 10 crétes assez peu marquées 


quoique bien visibles. 
L’imprégnation argentique de l’argyrome dorsal montre que celui- 
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ci est sensiblement analogue a celui qu’on observe chez Euplotes 
eurystomus: des rangées transversales de mailles rectangulaires vien- 
nent affronter de chaque cété une fibrille médiane paralléle aux 
cinéties, ce qui crée une réticulation uniforme sur toute la surface 
considérée. 


Fig. 42. Euplotes harpa, STEIN. (Face ventrale) 


Des argyronémes assez fins constituent le réseau argyrophile 
ventral: ils composent entre eux de grandes mailles polygonales 
d’ allure irréguliére, étirées entre les cirres frontaux-ventraux et les 
cirres transversaux le long de quatre faibles sillons ventraux, resser- 
rees au contraire, et petites, autour du pore de la vacuole contractile. 
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IV. Structure nucléaire: 


Euplotes harpa, 4 Vencontre de ce que l’on pourrait attendre étant 
données ses grandes dimensions, posséde un macronucleus relative- 
ment petit, 87 a 92 w. Il se présente comme un ,,C’ renversé angu- 
leux et trés ouvert, mais il n’est pas sans rappeler un peu la forme du 
chiffre ,,3”’, si caractéristique des noyaux d’ E. eurystomus et d’ E. 
plumipes. La branche inférieure est courte et droite, la branche anté- 
rieure beaucoup plus grande et refermée en partie sur elle-méme 4 
la fagon d’un crochet; la sinuosité de la hampe médiane est assez peu 
marqueée. 


Fig. 43. Euplotes harpa, STEIN. (Face dorsale) 
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VII. CONCLUSIONS 


Comme on a pu voir, nous avons systématiquement éliminé de ce 
travail toute recherche cytologique; notre but a été de simplifier la 
classification des Euplotes en déterminant, sous la diversité des 
formes qui a incité les chercheurs 4 multiplier les noms d’espéces, les 
caractéres morphologiques qui permettent d’en réduire le nombre. 

Il y a, selon nous, 4 caractéres; rappelons-les encore, ce sont: 
a) le nombre des cinéties latéro-dorsales: b) la disposition des mailles 
de l’argyrome dorsal; c) le nombre des cirres frontaux-ventraux; 
d) la forme du macronucleus 4 |’état quiescent. 

Les processus morphogénétiques remanient périodiquement ces 


Fig. 44. MACRONUCLEI, a: E. tegulatus; b: E. gracilis; c: E. trisulcatus; d: 
E. elegans; e: E. eurystomus. 
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caractéres, sans jamais les rendre méconnaissables: bien au contraire, 
ils concourent a les rétablir sous leur forme premicre — quelles que 
soient, semble-t-il, les conditions biologiques du milieu. 


if 


Fig. 45. MACRONUCLEL f: E. cristatus; g: E. crenosus; h: E. patella; 
i: BE. vannus; j: E. muscicola. 


A eux seuls, sans doute, ces caractéres ne peuvent suffire a délimi- 
ter le genre mais, si leur permanence au sein de ce dernier en con- 
firme l’homogénéité, ce sont leurs modalités mémes qui différen- 
cient les espéces. Nous avons donc regroupé tous les Euplotes que 
leur dissemblance apparente avait conduit 4 classer en espéces distinc- 
tes, mais que l’identité des caractéres fondamentaux permet de con- 
sidérer comme autant d’exemplaires d’une espece unique. 

Quand nous avons entrepris ce travail, on comptait 40 especes 
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différentes (34 reconnues par KaHL en 1932, 6 dont la description est 
postérieure a cette date) auxquelles devaient venir s’ajouter E. in- 
kystans CHATTON, plus trois espéces nouvelles, E. tegulatus, E. 
crenosus et E. mutabilis: soit un total de 44. 

Nous avons pu reconnaitre dans les espéces décrites par KaHL"’) 
12 de nos souches, mais en discutant l’une aprés l’autre les 22 espéces 


Fig. 46. MACRONUCLEI. k: E. plumipes; 1: E. inkystans; m: E. crassus. 


a5) A ce propos, que l’on nous permette une remarque: quelques descriptions 
anterieures nous ayant paru trés imprécises, nous avons craint que d’autres 
aprés nous ne puissent pas non plus identifier les espéces ainsi sommairement 
décrites; nous avons donc placé sous un méme nom, dont la priorité faisait 
loi, les Infusoires dont certains caractéres communs autorisaient ce regroupe- 
ment. I] nous a paru préférable en effet de ne pas multiplier les noms d’espéces 


om un genre ou nous cherchions justement a éliminer les formes mal défi- 
es) 
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qui restaient, nous sommes arrivés 4 la conclusion, renforcée par la 
fréquente indécision de KAHL au cours de ses diagnoses, que seules 
deux de ces espéces constituaient peut-étre des espéces particuliéres 
(E. balteatus, DUJARDIN, 1841, et E. novemcarinatus, WANG, 1930), 
toutes les autres nous étant apparues comme des ,,variétés”’ (au sens 
de KAHL) plus ou moins discutables des 12 précédentes admises par 
nous: cette constatation nous a amené 4 dresser une liste, en regard 


E. harpa. 


. 
3 


lis; 0: E. charron 


2 


E. mutab 


. 
. 


Fig. 47. MACRONUCLEI. n 
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5 Hydrobiologia, XV; 1-2. 


de chacune des espéces que nous considérons comme distinctes, des 
noms de celles, toutes fictives, qui s’y raménent’*). 

Sur les 6 espéces d’ Euplotes plus récemment décrites, nous avons 
cru reconnaitre que 3 d’entre elles'®) devaient étre confondues, la 
premiére avec E. eurystomus, les deux autres avec E. patella: il reste 
donc, outre E. balteatus et E. novemcarinatus précédemment cités, 3 
espéces douteuses (nous n’en connaissons pas la structure infraciliai- 
re) — E. woodruffi, GAw, 1939; E. aberrans, DRaGESCO, 1960; E. 
thononensis, DRAGESCO, 1960 — qui viennent s’ajouter aux 16 espéces 
décrites ici. 

Autrement dit, le genre Euplotes ne comporte pas 44 espéces 
distinctes, mais 21. 

Nous voudrions, avant de terminer, rappeler les faits suivants: chez 
chacune des espéces que nous avons rencontrées, les caractéres se 
retrouvent fidéles 4 eux-mémes quel que soit le lieu géographique de 
la récolte; les imprégnations récentes pour une espéce donnée 
(E. crassus, E. harpa, par exemple) sont en tous points comparables 
a celles faites par CHATTON il y a une vingtaine d’années; les condi- 
tions biologiques, pour variées qu’elles soient, ne semblent pas at- 
teindre une espéce dans ce qui lui appartient de fondamental. 

Sans vouloir certes minimiser des variations toutes temporaires 
qui demeurent possibles dans de trés rares cas — mais les mécanismes 
de la morphogénése, pour avoir une certaine rigueur, n’excluent pas 
les irrégularités imprévisibles — nous croyons donc pouvoir affirmer 
que les caractéres spécifiques des Euplotes sont des caractéres parti- 
culiérement stables: l’argyrome dorsal reconstitue toujours son sché- 
ma originel pour peu que les divisions soient assez espacées; le ma- 
cronucleus, au cours de son évolution constante, traverse toujours un 
stade qui lui redonne son aspect caractéristique; les cirres frontaux- 
ventraux et les cinéties latéro-dorsales subissent des processus de 
bipartition qui respectent toujours le nombre qui leur est propre. 

Le présent travail — qui a permis de voir que le genre Euplotes, s’il 
a relativement peu d’espéces, en posséde de bien définies accusant 
une homogénéité certaine — propose ainsi un ’’matériel” de choix. 


**) Nous avons a dessein laissé de cété E. terricola décrit par PENARD en 
1922, comme n’appartenant pas au genre Euplotes: malgré bien des affinités, 
il semble en effet qu’il faille l’en séparer a cause de l’existence d’une rangée de 
»cirres marginaux trés fins.” 


a) £. aediculatus, PIERSON, 1943; E. patella var. lemani, DRaGESco, 1960; E. 
leticiensis, BOVEE, 1957. 
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TABLEAU II. 


E. harpa 


E. charon 


E.mutabilis 


E. crassus 


“ 
i= 
Va 
> 
zZ 
[4 
ui 


E. plumipes 


E. muscicola 


longueur 
moyenne: 
Atgyrome 


Cinéties dorsales 
Cirres fr.-vtr. 
Cirres transv. 
Cirres caudaux 
Macronucleus 


* L’argyrome dorsal figuré ici est celui d’un opisthe en réorganisation aprés 

division: Paspect le plus couramment observé est en effet celui (en haut) du 

néo-réseau enchevétré (voir figure 39) tandis que l’aspect proprement spéci- 
fique est en fait celui du bas, plus rare. (cf: pp. 22 et 55). 
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Fig. 49. Membranes kystiques d’E. 
muscicola. 


_ Figs. 50 et 51. Imprégnations argentiques des faces ventrale et dorsale chez E. 
eurystomus. 
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Fig. 52. E. tegulatus, n. sp. Fig. 53. E. mutabilis, n. sp. Image 


Imprégnation argentique de la face de réorganisation dorsale: en haut, 
dorsale. le néo-réseau; en bas, l’ancien mon- 


trant l’aspect spécifique. 
(Imprégnation argentique). 


Fig. 54. E. crassus: opisthe terminant Fig. 55. Division commengante 
sa réorganisation. chez E. crassus. 
(Imprégnation argentique). (Imprégnation argentique). 
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Figs. 56 et 57. Fin de division chez E. patella: en haut, la face ventrale (presque 
achevée); en bas, la face dorsale, montrant les néo-réseaux encore en accrois- 
sement. Imprégnations argentiques. 
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VIII. RESUME 


1) - L’étude morphologique détaillée du genre Euplotes a permis 
de préciser les structures buccales, ciliaires, endoplasmiques et 
nucléaires; une analyse succinte des processus d’enkystement, 
étudiés chez 4 espéces, a été donnée. 

Il a été montré qu’un certain nombre de prétendues ,,variétés”’ 
n’étaient que des déformations passagéres dépendantes soit des dif- 
férents moments de la nutrition, soit de la durée d’intercission qui 
est variable: d’ow la nécéssité de rechercher des caractéres stables 
reconnaissables dans le genre tout entier, ne présentant cette fois que 
des variations d’ordre purement évolutif qui ne puissent, en aucun 
cas, altérer ’homogénéité spécifique. 

2) — 4 caractéres spécifiques fondamentaux ont alors pu étre mis 
en évidence: 


ajle nombre des cinéties latéro-dorsales; 


b)la disposition des mailles de l’argyrome 
dorsal; 


c)le:nombre de cirres frontaux-y entraux; 
d)la forme du macronucleus a 1’ état quiescent. 


3) — La continuité de ces caractéres spécifiques a été démontrée 
par l’ étude des processus de réorganisation aprés division, notamment 
en ce qui concerne l’argyrome intercinétien dorsal et la forme du 
macronucleus. La nature des variations exceptionnelles pouvant 
affecter le nombre des cirres de la face ventrale ou celui des cinéties a 
été précisé: il ne s’agit la que de trés rares cas de migration ou d’éli- 
néation sans répercussion essentielle. 


4) — Afin de rechercher si les caractéres spécifiques des Euplotes 
étaient susceptibles de s’altérer ou de se modifier suivant les conditions 
du milieu, des cultures cléniques de deux espéces, E. eurystomus et 
E. patella, ont été soumises 4 des températures diverses comme a 
des nourritures variées; l’action possible de certains sels a été aussi 
recherchée: le résultat de toutes cesexpériences 
a été de montrer la remarquable stabilité, en 


toutes circonstances, des caractéres spécifi- 
ques. 


5) — L’analyse systématique des 4 caractéres spécifiques chez 
toutes les formes d’ Euplotes rencontrées, complétée par I’ étude éven- 
tuelle d’autres caractéres moins importants, a permis de définir et 
WVillustrer 16 espéces, dont 3 nouvelles; ce sont: 


E. tegulatus, n. sp.; E. gracilis, Kauw; E. trisulcatus, KAHL; 
2 


E. elegans, Kaui; E. eurystomus, WRZESNIOWSKY; E. cristatus, KAHL; 
E. crenosus,n.sp.; E. patella, MULLER; E. vannus, MULLER; E. mus- 
cicola, KAHL; E. plumipes, STOKES; E. inkystans, CHATTON; E. crassus, 
DUvjARDIN; EF. mutabilis, n. sp.; E. charon, MULLER; E. harpa, STEIN. 
Deux tableaux synoptiques, de plus, permettent leur identification 
rapide. 

6) — De la discussion systématique donnée en conclusion, il résulte 
que le genre Euplotes est moins riche en espéces qu’il ne le paraissait 
jusqu’alors; au début de ce travail, on pouvait compter 44 espéces 
jugées différentes: compte tenu de 5 espéces non observées ici, (et 
qui du reste demeurent douteuses: on n’en connait pas la structure 
infraciliaire), seules peuvent étre retenues 21 espéces, 16 d’entre elles 
étant définies par des caractéres spécifiques particuli¢rement stables. 
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Contribution to the comparative 
physiology and genetics of the european 
salmonidae 
III. Temperature resistance at different ages 
by 


J. T. Spaas *) 


INTRODUCTION 


In order to obtain some complementary information concerning 
physiological differences between salmon (Salmo salar), seatrout 
(Salmo trutta trutta) and browntrout (Salmo trutta fario), we have 
compared their temperature resistance at different ages and in re- 
lation to the individual size. 

Fry, BRETT & CIAWSOH (1942), BRETT (1944—1956), Fry (1942— 
1951), HART (1947—1952) and other research workers of the ONTA- 
RIO FISHERIES RESEARCH LABORATORY of Toronto discussed the 
sensitivity of fishes to temperature variations: they measured on 
quite a number of species the temperature resistance and the rate 
of acclimatation to higher or lower temperatures, and for some spe- 
cies also the metabolic rate and the activity. From these studies, the 
temperature resistance appeared a most typical and easely measur- 
able physiological character. 

In addition we have tried to find in the forms of salmonidae here 
considered a parallelism between eventual differences in temperature 
resistance and other, earlier described characters as developmental 
rate, viability and growth during the embryonic stages (Spaas & 
HEvTs (1958)). 


*) Present address: Kipopo P. B. 224 Elisabethville, Belgian Congo 
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METHOD 


The basic method for measuring the temperature resistance and 
-limits of fishes described by Doupororr (1942) and the higher cited 
authors can be resumed as follows: 

The temperature resistance is measured by the mean resistance 
time when fishes are suddenly moved from their acclimation tempe- 
rature to a higher lethal temperature. The mean lethal temperature — 
by definition the temperature at which the mean resistance time 
equals 24 hours, — is consecutively calculated by extrapolating the 
time data of the temperature resistance measurements for a given 
acclimation temperature. 

In this study the temperature resistance will be determined by 
increasing the temperature at the rate of one degree a day up to the 
death of all fishes. The approach of the upper lethal temperature 
will thus be gradual and death will thus not be caused by a sudden 
change from the acclimation to the lethal temperatures. 

Once the lethal range is reached the mortality is controlled every 
hour. The calculation of the mean lethal temperature is consecuti- 
vely based upon a time of 24 hours schedule for a temperature in- 
crease of 1° C; the lethal temperature of a fish, who died 12 hours 
after the temperature changed from 25 tot 26° C. for instance, has 
been expressed as 25,5° C. 

The lethal temperature measured this way, corresponds nearly 
to the ultimate upper lethal temperature. 

From the experiments on thermal requirements of fishes by 
DovupororF (1942) BRETT (1944), Hart (1947) can be concluded in- 
deed that a temperature increase at the rate of one degree Celcius 
a day brings the acclimation level to the highest temperature at 
which 50% of the fishes survive during 24 hours. This temperature 
is called the ultimate upper lethal temperature. Since the mean lethal 
temperature is measured in our experiments by an increase at the 
rate of one degree every 24 hours, we may assume that the value 
here obtained for the mean lethal temperature is nearly equivalent 
to the ultimate upper lethal temperature. 

The data recorded on the experimental fish are not only the 
chronological order of death, but also the standard length and the 
weight, in order to calculate the correlation between temperature 
resistance and standard length and weight. This statistical analysis 
has been performed in the yearling groups where sufficient measur- 
able fishes were available. Three age groups have been investigated: 
1° Salmon and seatrout alevin with the same prehistory (see table if 
2° Salmon, seatrout and browntrout yearlings from the Howietoun 


Hatcheries near Stirling. 
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TABLE I. 


Mean Lethal Temperature, Weight and Standard Length of Salmon and 
Browntrout Alevin. 


Salmon (21)  Browntrout (65) tM Pp. 


Mean lethal 


temperature 27.64°C + 0.18 25.46°C + 0.21 7.95 0.001 
Mean Weight 0.122 gr. 0.085 gr. 
Mean Standard Length 21 mm. 19.8 mm. 


History: Incubation Temperature: 7.2°C. (Howietoun Hatchery); 
From Ist to 7th day after eclosion: 13°C. 
From 8th to 18th day after eclosion: 7°C. 


3° Salmon, seatrout and browntrout parr from the Tay river and 
tributaries. 

Their age has been determined by scale reading. 

Experiments concerning fishes of one age group are done at the 
same time, in identical experimental conditions. A sample salmon, 
seatrout and browntrout parr, for instance, are kept in three separate 
aquariums, which are covered with a fine mashed screen, and sub- 
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Fig. 1. 
The mean lethal temperature in function of the age. 
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merged in one common heating bath at room temperature. The water 
_ is well stirred in the bath and in the aquariums as to provide a homo- 
geneous distribution of the temperature and a constant aeration. To 
make sure that no other environmental factors than the temperature 
could have any lethal effect, the oxygen concentration was regularly 
measured in order to prevent an eventual influence of low partial 
oxygen pressures on the metabolic rate (FRY & HarT (1948) and 
GRAHAM (1949)),. 


Feeding has been stopped to prevent fermentation of the excre- 
ments. 


RESULTS 


As shown in fig. 1 the temperature resistance of the three forms 
increases with the age; the differences in mean lethal temperature 
between the three age classes of the salmon and between the yearling 
and parr of seatrout and browntrout (P = 0,001) (table IV) are 
significant. 

Since the temperature resistance increases with the age, a similar 
increase with relation to length and weight is to be expected. To 
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Fig. 2. 
The momental regression for the yearlings and the curves representing for 
the age classes, the relation standard length - lethal temperature. 
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6 Hydrobiologia XV; 1-2. 


distinguish the influence of age and size, the correlation between the 
individual temperature resistance (the chronological order of death) 
and the individual size (standard length (fig. 2) and weight (fig. 3)) 
of the yearlings is calculated. This correlation is graphically ex- 
pressed by the regression line and in that way compared with the cru- 
ve representing the mean lethal temperature of the different age 
classes. 

The correlation between standard length or weight and individual 
temperature resistance is significantly positive (P = 0,001) for the 
three forms (table II). It is also clear that the slopes of the regression 
lines are very distinct from the curves representing the variation 
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The momental regression for the yearlings and the curves representing for 
the age classes, the relation weight - lethal temperature. 
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TABLE II, 


Mean lethal Temperature, Weight and Standard Length of Salmon, Seatrout 
and Browntrout Yearlings. 


eee 


Browntrout (43) Salmon (54) Seatrout (52) 
Mean lethal 
temperature 25.91°C. + 0.28 28.5°C. + 0.08 26.38°C, + 0.21 
10.8 (P = 0.001) 9.42 (P = 0.001) 
Mean weight 4.14 + 0.37 2.25 + 0.159 4.21 + 0.001 gr. 
r (weight— 
Me leth. T°); 
(P) + 0.6(P = 0.001) + 0.72(P = 0.001) + 0.52 (P = 0.001) 
byx + 0.78 + 1.44 + 0.702 
Vbyx St 0.0255 0.1597 0.0356 0.1886 0.0255 0.1597 
tb (P) 4.88 (P = 0.001) 7.63(P =0.001) 4.39 (P = 0.001) 
B-Sa Sa-Se 
tM (P) 2:67 (P= 0.01) 2.93 (B= 0101)... 
Mean Standard 
length 66.6 + 2.01 56.6 + 1.028 66.45 + 1.31 
r (ST. L—M. 
leth. T°) (P) + 0.66 (P = 0.001) 0.61 (P = 0.001) + 0.55 (P ='0.001) 
byx + 4,68 + 7.68 + 3.41 
Vbyx Sb 0.6668 0.816 1.9005 1.38 0.5171 0.719 
tb (P) 5.7(P =0.001) 5.56(P=0.001)  4.74(P = 0.001) 
B-Sa Sa-Se 
tM (P) 1587,.(0:05s—4P — 0.1) Dutt == 0:01) 


- between the age classes. The standard length and the weight on the 
one side and the age on the other side have thus apparently a clearly 
distinct effect on the temperature resistance. 

After having described the variation in each form we have to con- 
sider the differences in temperature resistance between the three 
salmonidae: | 

The differences between the seatrout and the browntrout are not 
statistically significant. The species S. trutta is however significantly 
less resistant than S. salar: the mean lethal temperature of the salmon 
is the highest in each age-group (fig. 1). According to tables I—III, 
the differences between the two species are very significant in the 
alevin and yearling groups (P = 0,001), still significant between 
salmon and browntrout parr (P = 0.02) and on the limits of signi- 
ficance between salmon and seatrout parr (P = 0,05). 

The three forms thus begin at the parr stage to converge to a 
nearly common mean lethal temperature about 30° C. 

It is further remarkable that the positive correlation between stan- 
dard length, weight and individual temperature resistance, found in 
each of the three forms, does not exist between the forms; the salmon 
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TaBLe III. 


Mean lethal Temperature, Weight and Standard Length of Salmon, Seatrout 
and.Browntrout parr. 


I 


Browntrout Salmon Seatrout 
Mean lethal y 
temperature: 29.0°C. + 0.113 29.8°C. + 0.27 29.15°C. + 0.14 
tM (P) 2:13 2 0.02 2.13 (°0.05) 
Mean weight 21.823 + 0.67 15.042 + 0.3 12.91 + 0.377 gr. 
Mean standard 
length 115.0 + 4.41 112.4 + 1.05 100.1 + 2.62 mm. 

TABLE IV. 


Age-Difference in Mean Lethal Temperature. 


Salmon Y—A Salmon P—Y Seatrout P—Y Browntrout P—Y 


t 4.36 4.64 10.99 12.82 
P 0.001 0.001 0.001 0.001 


yearlings are smaller but more resistant than the trout yearlings. The 
salmon is during the parr stage still the most resistant, while his 
size is intermediate between the size of browntrout and seatrout. 


DISCUSSION 


The temperature resistance, expressed by the mean ultimate upper 
lethal temperature, is obviously different between S. saler and S. 
trutta. 

The difference between both species decreases however with the 
age as shown in fig. 1. It seems likely that all three forms converge 
to a common lethal temperature at a more advanced age not covered 
by our material. Any conclusion concerning the interspecific diffe- 
rences in temperature resistance has thus to be limited to the age 
groups so far investigated. 

The differences between S. t¢. trutta and S. t. fario are statistical- 
ly not significant, although there in an indication that seatrout has 
a higher mean lethal temperature at the two investigated stages. The 
discussion of the experimental data will thus be limited to the well 
established differences between salmon and trout. 

Its higher mean lethal temperature suggests that the salmon is 
adapted to warmer waters than the trout. A general relation has been 
shown indeed by Harr (1947) and (1952) and Brett (1956), between 
the higher ultimate upper lethal temperature of a species and its 
adaptation to warmer waters. Since the mean lethal temperature 
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measured here corresponds with the ultimate upper lethal tempera- 
ture, the salmon may be considered as the more thermophilic species. 

The extension of this general relationship thus set for can how- 
ever not entirely be justified without further evidence. As it has 
been explained by BretT (1956) the activity of some species is 
reduced at temperatures approaching the lethal level, while the ac- 
tivity of other species increases gradually with the temperature 
untill the ultimate upper lethal temperature is reached. The species 
which shows a reduced activity in the higher temperature range, can- 
not maintain its vital activities, and its higher temperature resistance 
is of comparatively little survival value. Any conclusion concerning 
the temperature adaptation of both salmonidae depends thus upon 
their activity scope. As far as we know, no data are available con- 
cerning the activity of S. salar in relation to the temperature. Only 
the activity of two Salmo species S. trutta and S. gairnerii is known 
from a study by Fry (1948). Both species show an increase of their 
activity when the temperature approaches the ultimate upper lethal 
temperature. Since the activity scope of the salmon remains un- 
known, the temperature resistance experiments alone, thus give not 
enough evidence of a distinct temperature adaptation of salmon and 
trout. 

However the existing differences are a valuable complementary 
information with respect to earlier experiments on the same salmo- 
nidae. From the study of the embryonic development, survival and 
growth on salmon, seatrout and browntrout by Spaas & HEUTS 
(1958), some evidence is available which indicates a greater thermo- 
phily of the salmon. From this study appeared that the embryonic 
developmental rate, survival and growth in relation to the tempera- 
ture are caracterised, in the three investigated salmonidae, by two 
optima, which are both higher for the salmon (4,5° and 10,5° C) 
than for the trout (below 4° C and between 9 and 10° C). 

Another evidence from the same experiments leading to the same 
conclusion, was the lower absolute developmental rate of the salmon 
compared with the trout. As it has been demonstrated by MOORE 
(1949 a and b) on Rana pipiens populations and Rana species, by 
Mrnamort (1952 and 1953) on Cobitidae and by Hevts (1953 and 
1956) on Gasterosteus aculeatus populations, a lower absolute develop- 
mental rate is caracteristic for the more thermophilic forms. Applying 
this relationship between developmental rate and thermophily to 
seatrout and browntrout. the seatrout would be more thermophilic 
than the browntrout. Indeed the developmental rate of both trout is 
nearly the same at the lower temperatures (4 and 7,8° C), but lower 
for the seatrout than for the browntrout at somewhat higher but still 
normal temperatures. (9,3, 10,6 and 12.5° C), (Spaas & HEuTs - 1958). 
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The study of the embryonic stages and, to a certain extent, the 
temperature resistance experiments, converge to the conclusion that 
the thermophily increases from trout to salmon and that there are 
some indications tor such an increase from browntrout to seatrout. 

In how far now does this experimental classification with respect 
to thermal adaptation match the ecological distribution of the three 
torms? The salmonidae here considered were all original from nearly 
the same region of Scotland, the Howietoun hatcheries or the Tay 
river system. To test the experimental conclusions on the distri- 
bution in the Tay river system, we will of course consider only the 
juvenile stages, we studied. 

The adult salmon spawns as well in the highest accessible head- 
waters as in the lower parts of the rivers. Its alevin afterwards stay 
near the reds till the absorption of the yolk sac. The fry remains in 
the shallow waters of the tributary where they are born, but slowly 
come down to shelter in the deeper pools during the winter. In the 
next springtime, the parr will descend the tributary and remain in 
the rivers or change into smolt and descend the main river to the sea. 

The seatrout distribution, as distinct from that of the salmon, 
is merely caracterised by a lower situation in altitude of the spawning 
grounds. The seatrout rivers are more lowland rivers. The seatrout 
stays generally in warmer waters than the salmon at the alevin and fry 
stage. At the parr stage it becomes impossible to distinguish any 
difference in distribution area between both forms. 

The browntrout spawns merely in small highland rivers. Although 
its spawning grounds are well distinct from those of the salmon, they 
are situated in nearly the same temperature zone. Comparing the 
extreme limits of the spawning zones of browntrout and salmon, we 
find only browntrout in the highest, most inaccessible highland rivers, 
while salmon spawns in lower rivers that browntrout does. 

Considering the alevin and fry stages, we will find browntrout 
in the coldest waters, and salmon in yet colder waters than seatrout, 
while the biggest part of the distribution zones of these three forms 
overlapp. At the parr stage it becomes completely impossible to show 
clearly distinct distribution zones between the three forms. 

According to the ecological distribution one will expect thus the 
thermophily to increase in the order browntrout, salmon, seatrout. 
This ecological distribution does not match the experimental classi- 
fication, which showed an increasing thermophily in the order 
trout-salmon, with only some indications for such an increase from 
browntrout to seatrout. 

The general rule established by Fry, BRETT, Hart and others, 
showing a relation between the ecological distribution and the expe- 
rimental ultimate temperature limits of different species, seems not to 
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apply to very related forms. Other physiological characters deter- 
mine probably the distribution of the salmonidae considered here. 


SUMMARY 


1. The temperature resistance measured by the ultimate upper 
lethal temperature was determined in salmon seatront and 
browntrout, alevin, fry and parr. 

2. The temperature resistance increases with the age from the alevin 
to the parr stage. 

3. The individual temperature resistance of the yearlings is in each 
form positively correlated with the individual standard length 
and weight. 

4, The salmon is caracterised by a higher temperature resistance as 
distinct from trout at the three considered age classes. 

5. These interspecific differences in temperature resistance decrease 
from the alevin (1 months old) to the parr stage (32 months old). 

6. No significant differences were found between seatrout and 
browntrout. 

7. The differences in temperature resistance, measured by the ulti- 
mate upper mean lethal temperature, indicate that the salmon is 
possibly more thermophilic than the trout. This has been con- 
firmed by the data on the embryonic developmental rate, via- 
bility and growth, reported by Spaas & HEuTs (1958). From slight 
differences in embryonic developmental rate between seatrout 
and browntrout can be supposed that the seatrout is more ther- 
mophilic than the browntrout. 

8. The ecological distribution does not match the experimental classi- 
fication with respect to thermal adaptation. 
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Ecological studies on Olifantsvlei, 
near Johannesburg 
by 
A. D. Harrison, P. KELLER and D. Dimovié 
with notes on the diatoms by B. J. CHOLNOKY 


National Institute for Water Research, Pretoria. 


It had been noted during a chemical survey that the polluted 
waters of the Klip and Klipspruit streams, near Johannesburg, 
were considerably improved after passing through.a marshy region 
known as Olifantsvlei. The present survey was undertaken to deter- 
mine more accurately the effects of the marsh on the polluted water, 
to find out what part the different regions of the marsh were playing 
in this purification, to work out the biology of the various regions 
and, if possible, to gain some idea of the processes taking place. 


DESCRIPTION OF OLIFANTSVLEI 


Whereas in the Western Cape the term ’’vlei’” refers to a small 
lake, in the Transvaal it usually means a marshy region with or 
without open water. Olifantsvlei is a marshy region 14 miles south- 
west of Johannesburg, situated at the confluence of the Klip and 
Klipspruit streams. 

The map shows that it is Y-shaped. The western arm, which 
receives water from the Klip, is really a peat bog overgrown with 
reeds and with very little open water except for a few small spaces 
in the reeds produced by peat cutting. The water trickles through the 
reeds or runs through a small channel along the north bank. This is 
mostly overgrown with reeds but there are a few open stretches. 
During the two wet summer seasons falling into the survey period, 
there was a strong flow along the north bank and through man-made 
pools near the farm, Rietfontein, on the south bank. During the 
dry seasons the northern channel dried up but there was always 
water in the pools near Rietfontein. 
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The northern arm is formed by the Klipspruit; it is swampy 
with large patches of reeds but there is a fair amount of shallow, open 
water usually not more than a foot or eighteen inches deep. A deeper 
channel, 2—24 feet deep, has been cut on the lower west bank to 
drain the swampy region to the north into the main body of the vlei. 
The bottom is mainly of deep mud resting on coarse sand, overgrown 
with Lagarosiphon major. 

After the junction of the two arms of the vlei most of the water 
flows along the north bank. Towards the lower end of the vlei an 
embankment has been constructed to protect farms lands along the 
south bank. This acts as a dam and results in an area of much deeper 
water specially at the lower end where there is a weir. The depth here 
is about 7 to 8 feet. Below the weir there is a channel about 14 to 24 
feet deep which carries the water out of the vlei through a pool about 
6 feet deep and over a stony rapid into the Klip River. Most of the 
water runs along the north bank and through the deeper lake area 
but, during the rainy season, some from the western Klip arm runs 
below the embankment to the outlet. 


Inflows and Pollution 


Both inflowing streams are polluted and the pollution is of two 
distinct types: 


(1) Mineral Pollution: Both the Klip and the Klipspruit receive a 

_ considerable amount of run-off and seepage water from gold mine 

dumps and slimes dams which contains a large amount of free 
sulphuric acid which sends the pH of the streams well down into the 
acid range. Both streams run over dolomite formations and the acid is 
slowly neutralised; the process is virtually complete in the Klipspruit 
by the time it reaches the vlei, except at the height of the rainy 
season, but the Klip is still acid. Both stream carry large amounts of 
sulphates, calcium and magnesium. 

(2) Organic Pollution. The Klipspruit receives the effluent from the 
Klipspruit Sewage Works which handles sewage from the southern 
Johannesburg region and the African townships nearby. The effluent 
comes from biological filters, via humus tanks; most runs straight 
into the Klipspruit but some is sandfiltered and sent to a dam supply- 
ing Orlando Power Station with cooling water. Overflow from this 
dam also reaches the Klipspruit but is not a serious source of pollu- 
tion. The Klipspruit in this region also receives severe incidental 
faecal pollution from the African and Coloured townships through 
which it flows. The main vlei receives some incidental human faecal 
pollution, pollution from grazing animals and run-off and seepage 
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from the sewage-irrigated Olifantsvlei Municipal Farm. There was 
no indication that the latter was a serious source of pollution. 

The following sampling stations were established: 

1. On the Klip River at the Potchefstroom road bridge just before 
it enters the vlei. This stream dried up towards the end of the dry 
season (October) but flowed again after the first rains (November). 

2. On the Klipspruit before entering the vlei. 2a was at the Pot- 
chefstroom road bridge and 2b at the railway bridge a little nearer 
the vlei. The earlier samples were taken at 2a but from October, 1954, 
samples were taken from 2b which was found to be more convenient. 
Later in the survey a number of samples, mainly bacteriological, 
were taken at 2c a point } mile below 2b but still above the vlei 
proper. 

3. On the farm, Rietfontein, on the middle of the western arm. 
Samples were taken from the south bank. 

4, At a point three quarters of a mile to the east of station 3 where 
samples were taken on the north bank. This station was only used 
twice as it was little different from station 3. 

5. On the northern arm where the Kliptown road makes a right 
angled corner. At this point the Klipspruit water has passed through 
about 2 miles of swamp. 

6. Near the point of confluence of the waters of the two streams. 
The station was on a point of land jutting into the swamp across 
which was cut a drainage canal (see map). This canal carried Klip- 
spruit water to the south of the point and, as the flow in the Klipspruit 
was greater than that in the Klip, the latter’s water was forced away 
from the northern shore and mixing took place in the middle of the 
swamp. 

7. The weir. 

8. The outlet at the old road bridge. 


METHODS OF SAMPLING AND EXAMINATION 


1. Water samples were collected and analysed in the laboratory 
ae to standard procedure. Temperatures were taken in the 

eld. 

2. Fauna. Samples of fauna were taken by sweeping a hand net 
through submerged vegetation. The hand net had a ring 26 cm in 
diameter and a bag of silk grit gauze of 25 meshes to the centimetre. 
The principle of combining small sweepings taken over a large area 
was adopted wherever possible. Samples were preserved by adding 
formalin directly to the bottles. 

In the laboratory samples were washed through the same mesh of 
net, to remove as much mud as possible, placed in a dish and the 
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larger pieces of vegetable matter and detritus removed. The fauna 
was sorted and counted under a binocular dissecting microscope. 
When the bulk was large it was well mixed and three sub-samples 
taken, counted and average figures obtained. 

3. Phytoplankton and floating algae. This was collected in the 
clear patches of water between weed beds and reeds with a net of 
48 mesh/cm. A few millilitres of each sample were preserved in 4 % 
formalin but most was kept alive in aerated vessels. The live samples 
were well mixed and subsamples were counted in a Sedgewick- 
Rafter cell and the percentage composition determined. The magni- 
fication used for counting was usually 120x though sometimes 480x 
was used. The counting was always completed on the day of collec- 
tion. 

4. Diatoms. These were collected off the bottom, prepared and 
subjected to the Thomasson Analysis to obtain the percentage com- 
position. 

5. Bacteria. All samples for bacteriological analysis were subjected 
to a set of routine methods which were found to give a detailed 
and fairly comprehensive picture of the bacterial population of a 
stream exposed to sewage and/or faecal pollution. These methods 
permit the approximate determination of the degree of self-purifica- 
tion attained and indicate the saprobic zone into which any given 
part of a river could be classified; they allow for conclusions to be 
drawn as to the duration and consistency of existing pollutional 
conditions. The results are reproducible, sufficiently reliable and 
amenable to statistical treatment. Application of these methods is, 
however, largely limited to sewage-polluted streams, to sewage and 
sewage effluents and to instances of incidental faecal pollution. They 
are not applicable to clean streams where the naturally established 
bacterial population may not react to the specific testing procedures 
and where results may offer difficulties in interpretation. On the 
other hand, they may be applied successfully to raw water supplies 
and to waters treated for domestic and/or industrial uses and for the 
purpose of quality determinations of waters for recreational use. 

Each sample was analysed according to the following combination 
of determinations: 

(i ) Total Count on Nutrient Agar at 37°C for 48 hours; 

(ii ) Fermentation Tube Tests in 

(a) Lactose Broth at 37°C/48 hours; 

(b) Brilliant Green Bile 2% at 37°C/48 hours; 

(c) MacConkey Broth at 45°C/48 hours; 

for determination of the Most Probable Number (MNP) of 
the coliform group and its components of possible faecal 


origin; and 
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(iii) specific tests 
(a) for faecal streptococci in BAGG (buffered Azide Glucose 
Glycerol) Broth at 37°C/48 hours. 
(b) for non-faecal coliforms, particularly Aerobacter aerogenes, 
in Koser’s Citrate Medium at 37°C/48 hours. 

All figures presented are geometrical means; by this procedure 
excessively high and excessively low individual results are compen- 
sated for. All results are expressed as MPN of organisms per 100 
millilitres of sample. 

Experience has shown that in future river survey work the inci- 
dence of obligate anaerobes, of moulds and Actinomyces spp. should 
be studied, as these constituents of the microflora will almost cer- 
tainly prove significant in reaching definite conclusions. 


RESULTS OF THE SURVEY 


Phe Water: 

Temperature. During the summer months temperatures between 
19.5 and 27.5°C were recorded, the lower during rainy periods and 
the higher during dry. In the winter the range recorded was 3.0 to 
13.0°C, the ponds in the peat bog at station 3 were frequently frozen 
over. Spring and autumn temperatures generally lay between these 
but the highest temperature recorded was 28.5°C at station 5 in 
October. 

Chemical Analyses (Tables 1—3). As mentioned previously, 
Olifantsvlei receives water from two main sources, the Klip River 
and the Klipspruit. 

1. Klip River Water. Tables 1 to 3 indicate the quality of the 
water from the Klip (station 1) and from the farm, Rietfontein 
(station 3). 

The Klip showed little sign of organic pollution except for fairly 
high ammonia nitrogen figures during autumn and winter. This 
largely disappeared by the time the water reached station 3. 

The main feature of the water was the mineral pollution from the 
mines. The stream was strongly acid during the wet season (Novem- 
ber to March) but the pH rose during the dry season (April to 
October). This was particularly apparent during 1954. This dry 
season rise had little effect on the water at station 3 in the swamp 
downstream, probably because the volume of water coming down 
during the dry season is very small. The Klip dried up in October 
1954 but flow started again in November. 

Station 3 lies in a peat bog which must retain much acid water 
during the dry season and, at all times of the year, the organic 
deposits keep the acid water away from the underlying alkaline 
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formations. In June and July 1954 samples were taken at a point 
¢ mile to the east of station 3 (station 4) where results were much 
the same (pH 5.0 and 3.7). It would appear that there is no apprecia- 
ble rise in pH until the Klip waters mix with the Klipspruit waters. 

A previous full chemical survey of the region (1951—1953) 
showed that the Klip waters contained from 290 to 650 mg/lit. of 
calcium (as CaCO;) and 125 to 300 mg/lit. magnesium (as CaCO,). 

2. Khpspruit Water. During the first part of the survey station 2a 
was used but 2b (see map) was used later for convenience. A small, 
polluted stream from Moroka Township enters between the two 
stations but it carried too little water to make much difference to the 
already polluted river water. 

The Klipspruit also suffers from mineral pollution from the gold 
mines (Tables 1 and 2) but the pH was usually higher than that of the 
Klip and was only really low during the height of the rainy season 
(January and February). The effects of sewage works pollution 
(Table 3) can be seen in the high figures for ammonia and nitrate 
nitrogen. These values varied irregularly and there was no evidence 
of seasonal change. The O.A. values were not high but higher than 
those of the Klip. - 

Samples were taken at 2c (see map) from April to July 1955. The 
results were much the same as at 2b. 

Shortly below station 2c the river enters the vlei area where it 
spreads out and runs through reeds and water weeds. It was sampled 
again at station 5 and 6 after it had passed through about 2 miles of 
swamp. It will be noted from table 3 that most of the saline ammonia 

‘had been removed by the time the water reached this section, values 
of over 1.0 ppm. were recorded on very few occasions. There was 
some drop in nitrate but values were still high on the whole. 

A previous full chemical survey of the region (1951—1954) showed 
that the Klipspruit waters contained 140 to 650 mg/lit. of calcium 
(as CaCO;) and 40 to 260 mg/lit. magnesium (as CaCQs). 


3. Outflow from the Viet. 

Mineral Pollution. pH figures (Table 1) show that most of the 
acid was neutralised in the vlei during the drier parts of the year. 
However, during the rainy season, when both the Klip and the Klip- 
spruit were acid, this was not the case; but even then the pH was 
usually over 5.5. It was only in February 1955, during a period of 
exceptionally heavy rain, that a pH of 4.75 was recorded. The outlet 
water took nearly the whole of the winter of 1955 to recover after 
the heavy rains of the preceding summer. ' 

Water samples were not normally taken at the weir near to station 
8, but a sample taken in June 1955 had a pH of 6.4 whereas the pH 
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at the outlet was 5.45. It was found that some acid Klip River water 
was making its way to the outlet below the embankment (see map) 
and only mixing below the weir. 

A previous full chemical survey at this station (1951 to 1954) 
showed that the water contained from 180 to 630 mg/lit. of calcium 
(as CaCO,) and from 100 to 660 mg/lit. of magnesium (as CaCOs). 

The vlei is probably a less effective neutralising region than the 
stony stream areas above and below where the water comes into 
direct contact with alkaline rocks. 

Organic Pollution. (Table 3). Most of the ammonia nitrogen was 
removed from the Klip River water by the time it reached station 3, 
Rietfontein, and most in the Klipspruit water by the time it reached 
stations 5 and 6 near the confluence of the two streams. Figures at the 
outlet were always low, seldom above 1 ppm. and no values above 2 
ppm. Reduction in concentration took place even when the whole vlei 
was acid. 

Nitrate nitrogen entering in the Klipspruit water was usually 
reduced to values below 2.0 ppm. except during the winter months. 
In winter all the reeds died down because of heavy frost, and low 
water temperatures (3° to 10°C) retarded the growth of aquatic 
weeds and algae and possibly also bacterial action. This seems to 
have had a bearing on the poor nitrate removal at this time. Even 
during the most favourable season the values for nitrate nitrogen 
seldom fell below 1.0 ppm. 

The moderately high figures for oxygen absorbed from KMnO, 
(Q.A.) recorded at the outlet were probably due to small planktonic 
algae and animals or their by-products. 

The water leaving the vlei was always clear even when the Klip- 
spruit was bringing in turbid water. The high mineral content would 
have helped the rapid sedimentation. 


The bacteriology of the region. 


Table 4 shows the annual average figures for all stations. The 
highest bacterial densities were encountered along the Klipspruit 
where also the degree of faecal pollution was highest. The effects 
of this pollution, however, decreased progressively from station 2b 
to station 5, which indicates distinct self-purification in this upper 
section of the vlei (see map). Actually the degree of self-purification 
in this part of the river and vlei must be considerable in view of the 
fact that the Klipspruit flows through or alongside African and 
Coloured townships where the probability of additional incidental 
pollution of various types is high. 

Along the Klip River (station 1) there was hardly any evidence of 
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TABLE 1 
pH Values 


Sm. 9/4 5/5 23/6 21/7 18/8 22/9 20/10 24/11 13/12 }17/1 21/2 21/3 28/4 23/5 22/6 27/7 22/8 5/10 


2 6.1574. 6.9 6.7 7.45.6.88) 720 1.2 5.6 4,855.93 6.185.756.6 7.2 7.0 - 


5 = : : : 7.5 Seow ol OO GUO sone 1654 | GaOm eC 1) = 
Bp) -o.0 7k 6 : Tae 5.9 4.755.9 5.18.5.75.5.45 6.75 6.95 6.75 
1 fae Aga a ABI = = = 
3 4.274.104.3 4.4 5.0 4. 


TABLE 2 
Analysis of Mineral Constituents of the Water, Range 


ee 


Stn. 


Conductivity micromhos 2 1090 - 1850, higher figure during dry season, 950 during February floods 
Vie g g eSly g / 
5 1100 - 1800, higher figures during the dry season 
8 1070 - 1900, higher figures during the dry season, 925 during February floods 
1 750 - 1500, higher values during the dry season 
3 700 - 1850, higher values during the dry season 
2 Not analysed 
5 570 - 853  — Values towards the upper part of the range occurred during 
Sulphates ppm. 8 650 - 930 the dry season 
1 372 - 1125 
3 405 - 1663 
2 49 - 168 “ 
5 83- 174 values towards the upper part of the range occurred during 
Chloride ppm. 8 41- 180 the dry season 
1 22- 28 
3 18-115 
2 
Alkalinity Carbonate 5 } 
ppm. as CaCO3 None on every occasion 
3 
2 1. 6 = "Bait 
inity bi 2 9.2 - 73.6 
ase es agama 8 Nil - 91.0 The lower values were recorded during the wet season 
i ? 1 Nil ~ 16.0 
3 Nil - 18.2 
2 370 - 900 
5 620 = 815 
So ee 8 400 - 985 The lower values were recorded during the wet season 
1 380 - 920 
3 292 - 1140 
2 Nil- 170, usually 2 - 8 ppm. but higher during floods 
idi 5 2- 4, water always clear 
ey a al 8 Nil - 7, water usually appeared clear 
4 1 Nil water always appeared clear 
3 Nil water always appeared clear 
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TABLE 3 
Analysis of factors arising from organic pollution 


a 
St. Autumn Winter Spring Summer Autumn Winter 
1954 1954 1954 1954 ~ 1955 1955 1955 
Oo S30 Ayo 16 “6 8.2 9 eee = 940 hee 0 EAGne— Aine ence eae 
5 = V8 = 2:4 92.0 = 2424 = pS ees | fog J 
O2A.ppm. 48) 2.63380 0.6 = 3.2 270 ied ee be eee ee 
1 v0 Lo =A OSLO S26, OSA 123.) 08 oo = 
3 0.8 1.0 =" '2:0°" 208 =" 3.2. O68 02 078 = 20 Oa 
2 < 0.9 = 24° 106 12.4 “Ad 54 2g - 527 oe eee 
i 5 3 Od = sete (Orda Oc 0.8 0.2 5-30 ~ 0.4 = him 
aN ppm. @& Nil Nil- 0.2 “Nil 0.4-1,5 Nil -0.2 Nil-1.9 
: deel io 2ekien 350)” (NIL OA 02d =H NG: eee £27 
3 Nil Nil = 0.1" “O0°1= 0.2 Ni = 0.5) Nil = 0. 5-9 SNe a 
2 always low 0.010 - 0.750 
itn 5 always low - Nil - 0.032 
t 
Spo 8 always low - Nil - 0.052 
1) always low - Nil - 0.012 
3 always low - Nil - 0.005 
2 6.4 1.5 7 15.0 14.0 25:0 - S-6- 5:9 O.2 —2.2 id ="6.8 
Nitrate 5 ; D210 oo lO 200 =" 255 1.4 1.4 -3.4 4.2-8.4 
asN. ppm. 8 O08 = 18) 4.0 =) 16:0: Ondo 227 Ao 1 OO EG ee ae pe 
1 0.3 OL2-" O73" Ol 50.4" NO ee 1.3 
SP (08 Pesi0 2300). de ONS 0d 0. 2. 009 02. ~ OO Ole BO Sree 
TABLE 4 
Olifantsvlei - Annual average Figures - Org. /100 ml. - Geometr. means 
—————————————————E—E——E ee EE eee 
Stn. Total Lactose Coliform Faecal Non-Faecal Faecal 
Count Fermenters Group Streptococci Coliforms E.Coli 
2B 453 , 700 66,740 21,660 6,419 132,100 5,667 
2C 392, 500 70, 980 28 , 960 5,573 115,300 5,074 
5 113,900 10,110 5,151 7135 36,080 939 
1 15,800 1,400 2,300 0 2,700 0 
3 22,570 614 447 108 5,628 126 
ee a IN ee ee eee 
6 16,910 6,457 1,303 364 26,730 541 
i 118, 000 5,376 3,344 684 18,670 1,081 
8 61,080 3,779 1,331 326 15,380 329 
ST ee AI ee ee 
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TABLE 5 
Olifantsvlei - Seasonal Variations - Org. /100 ml. - Geometr. Means 


Total Lactose Coliform Faecal Non~Faecal Faécal 
Count Fermenters Group Streptococci Coliforms E.Coli 


Sm.2B, Klipspruit 


Jan.-Apr. 1955 110,000 43,520 3,474 3,814 162,000 5,100 
May-Aug. 1955 338,900 196,200 98,880 11,900 40,000 57,000 
Nov. '55-March '56 4,146,000 39,700 17,540 5,100 292,500 7100 
Stn.2C, Kliptown 

Jan.-Apr. 1955 83 , 620 33,670 5,692 1,140 93,690 1,868 
May-Aug. 1955 214,800 155,000 94,450 9,563 59,820 24,630 
Nov. '55-March '56 2,012,000 59,820 27,300 8,219 167,400 7,530 


Stn.5, Road Comer 


Jan.-Apr. 1955 116,300 76,520 11,690 549 74, 290 1,275 
May-Aug. 1955 18,300 3,567 877 317 889 317 
Nov. ‘55-March "56 693,100 14,110 14,350 3,054 160,300 1,568 


Smn.3, Rietfontein 


Jan.-Apr. 1955 14,070 168 168 0 14,510 119 
May-Aug. 1955 50,490 141 <100 <100 316 <100 
Nov. *55-March '56 21,150 3,116 1,624 122 12,190 159 
Stm.6, Point 

Jan.-Apr. 1955 19,500 12,610 520 200 - 346 
May-Aug. 1955 9,515 2,247 5713 463 13,520 536 
Nov. ‘55-March °56 838, 840 12,230 3,510 438 46,030 1,043 
Sm.7, Weir 

Jan.-March 1955 31,760 1,640 870 200 162,000 684 
May-Aug. 1955 46 , 330 3,958 1,428 316 1,468 626 
Nov. '55-March '56 531,400 13, 230 12,490 3,006 13,330 2,297 
Sm.8, Outlet 

Jan.-Apr. 1955 32,060 1,342 406 0 8,999 119 
peeAne: 1955 14,790 7109 404 <100 7188 190 
Oct. '55-March ‘56 771,300 22,980 6,498 1,707 123,100 Loe 
SAN IESE SNS ee alt a ae eel ah Se PE Se 
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TABLE 6 
Stations 2A and 2B, Klipspruit 
Composition of Algae caught in Plankton Net and attached Filamentous Algae 


1954 1955 1957 


November December January February March April May July August November 
e. Yo % %o ed % 


Pediastrum sp. present 
Cosmarium sp. Osu 

Diatoms (unsorted) 44.4 16.7 80.0 100 98.8 
Euglena sp. c.f. mutabilis present 

Euglena sp. c.f. opel hg Ehrenberg 50.0 
Euglena sp. c.f. marchia 

Phacus. sp. . iets! 
Oscillatoria sp. 5.6 
Lyngbya sp. 5.6 
Anabaena sp. 33.3 

DENSITY sparse sparse sparse none none sparse sparse common common 


present 1.2 


No sample 


Filamentous algae: 


Ulothrix common common common common common present 


Microspora present common 
Stigeoclonium common common present abundant (2 spp.) 


Drapamaldia present abundant 
Very 
common 


Microthamnion 


Oedogonium present present 
Spirogyra (3 spp.) 
Scytonema myochorus 


present present 


common (3 sp.) 
common 
present 
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TABLE 8 
Station 7 (Weir) 
Composition of Algae caught in Plankton Net and attached Filamentous Algae 


1954 1955 


November December January February March April May July August 


% % % % % o Fo %p 
Sphaerocystis sp. present 
Dictyosphaerium sp. 1.5 
Ankistrodesmus sp. 0.4 0.6 sample 
Scenedesmus spp. unsorted 35.1 4.8 25.0 3.8 
Sc. sp. c.f. obliquus (Turp) Kutz not 8.0 3.3 
Sc. sp. c.f, obliquus (8 cells) 6.3 
Sc. sp. c.f. quadricauda (Turp) 14.3 13.2 analysed 5.0 2.3 
Sc. sp. c.f. armatus (Chodat) G.M.Smith 9.3 
Sc. sp. c.f. arcuatus 37.1 41.5 83.1 59.0 Bde 
Sc. sp. c.f. braziliensis 5.6 2.0 
Closterium sp. c.f. peracerosum Gay atl Lis 5.0 present 
Cosmarium sp. 47.1 5.9 0.6 40.1 22.6 1.9 130) 
Diatoms 5.9 88.0 73.0 11.3 7.0 8.0 
Euglena sp. c.f. deses 8.3 
Phacus sp. 0.6 
Phormidium 1.8 
DENSITY abundant abundant abundant sparse sparse sparse sparse sparse abundant 
Filamentous Algae: 
Ulothrix abundant abundant abundant common common abundant abundant abundant abundant 
Microspora present present 
Oedogonium abundant abundant abundant present present 
Cladophora abundant abundant abundant present 
Mougeotia sp. c.f. sphaerocarpa present 
Spirogyra common 
Tribonema sp. c.f. minus present 
Fragilaria present present present present 
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TABLE 10 
Station 3-(Rietfontein) 
Composition of Algae caught in Plankton Net and of attached Filamentous Algae 


1954 1955 


November December January February March April July August October 


%o To Jo To Jo 
Clamydomonas sp. present 
Sphaerocystis sp. 15.0 few 3.0 common 
Oedogonium filaments 5.0 
Mougeotia sp. 100 80.0 82.0 abundant 90.0 common 
Ophiocytium sp. present 
Chromulina sp. common common 
Diatoms (mostly Pinnularia) 18.0 common 7.0 100 few few 
Euglena sp. c.f. mutabilis few 
Cryptomonadales present 
DENSITY abundant sparse sparse sparse sparse sparse mone common common 
Filamentous and 
Attached algae: 
Sphaerocystis sp. present presertt present present abundant common common 
Oedogonium sp. resent 
Mougeotia sp. abundant abundant abundant abundant abundant common 
Tribonema common 
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TABLE 12 
Station 2A and B , 
Percentage Composition of Fauna of Aquatic Vegetation 


1954 1955 1957 


annem nnnETESUEEREESEEENEENOUDISNENNGIEN 


May July Spring Summer Autumn Winter Nov. 


a nnn UUEEEE EE EaEE SERS SSUES 


fm fw % Jo Io fo fo 
Nematoda - - 1,3 0.3 0.5 2.1 
Chaetogaster spp. con! ire Ped (Ee Near 2.4 22.4 48.6 - 
Nais sp. 0.4 0.5 1.1 §©690.0 
Cyclops sp. (large) : Pp P 
Paracyclops sp. c.f. poppei (Rehburg) 72.1 84.2 60.7 61,1 62.7 46.4 0.3 
Austrocloeon virgiliae Barnard 3.8 0.7 0.2 0.1 
Enallagma sp. 1.0 0.6 0.6 0.1 
Corynoneurinae 0.5 p 0.8 1.5 0.3 
Chironomus spp. 5.0 
Other Chironomidae 19.2719 4.4 17.4 7.0 1.8 1.6 
Hydrozetes sp. 1.4 0.5 5.3 0.6 
p = present 

TABLE 13 
Station 5 
Percentage Composition of Fauna of Aquatic Vegetation 
1954 1955 
May Winter Spring Summer Autumn Winter 

"Jo Jo Jo Jo Jo Jo 
Nais sp. 1.4 0.2 0.8 
Chaetogaster spp. 1.1 6.4 1.6 1.0 0.3 2.0 
Cyclops sp. (large) 4.3 0.4 1.3 2.1 
Cyclops spp. 16.6 25.3 68.8 84.1 54.5 49.9 
Paracyclops sp. c.f. poppei (Rehburg) 1.6 ) 0.8 
Austrocloeon virgiliae Barnard 6.6 0.9 p 1.0 4.8 4.4 
Enallagma glaucum (Burm. ) 2.2 0.3 0.2 0.2 0.4 Q.t 
Anax imperator Leach. 1») 0.4 0.2 p i) 
Trithemis sp. 0.2 0.2 0.1 
Orthetrum sp. 0.4 Pp 
Argyrobothrus sp. 3.9 3.3 2.8 0.2 0.5 0.5 
Plea pullula Stal p Lot p 
Micronecta piccanin Hutch. 2.2 2.9 Los 0.6 0.5 0.2 
Dytiscid larvae * i) p 0.6 Fd 0.1 
Dytiscid larvae (Laccophilus-type) * P Pp 0.2 p 0.1 ) 
Pentaneura spp. eo. Us 0.6 o.¢ 
Corynoneura spp. 16.0 23.6 8.2 3.8 12.3 14.5 
Tanytarsus-type larvae Pp 1.9 17 0.5 0.4 
Other Chironomidae 42.5 29.7 1.6 23.8 25.5 
Bezzia-type larvae * p 0.4 ) 
Hydrozetes sp. 0.9 One 


p = present 


* See Appendix. 


* Some of these were bred out and identified by Dr. B.de Meillon as Bezzia agathae 
de Meillon, 
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TABLE 14 
Station 7 
Percentage Composition of Fauna of Submerged Vegetation 


1954 1955 


May Winter Spring Summer Autumn Winter 


Jo To %o %o % % 
Hydra sp. (white) 6.2 0.8 3.6 P 
ee sp. (green) 0.1 0.9 0.2 
Chaetogaster spp. Q.1 #74 £4.8 2.6 2.4 15.7 
Nais sp. 0.3 0.5 0.5 i) 1.5 
Simocephalus sp. * L138 (O73) Lic 0.4 0.6 
Ceriodaphnia sp. * 0.7 8.3 0.2 
Cyclops sp. (large) 0.1 aE 5.7 0.5 1.6 
Cyclops spp. 92.4 76.6 48.5 58.3 10.7 54.6 
Paracyclops sp. c.f. poppei (Rehburg) 2.4 0.3 0.5 2.7 3.2 
Austrocloeon virgiliae Barnard 253 90.5 0.6 1.9 bea 250 
Austrocaenis sp. p Onn 0.9 
Enallagma glaucum (Burm.) 0.5. p P 0.7 2) 
Anax imperator Leach 0.7 P p 
Anisops hypatia Hutch. P 0.7 0.3 
Plea pullula Hutch. i) 0.8 ”) 
Micronecta scutellaris (Stal.) 0.1 0.6 0.2 
Athripsodes harrisoni (Barnard) 0.3 Pp 
Pentaneura sp. ) p 0.3 1.2 
Corynoneura spp. O26: * a8 0.3 8.8 dP 8.6 
Tanytarsus-type larvae 1.9 1.4 0.3 
Other Chironomidae 0.5 «67.8 8.8 1.9 3.8 1.3 
Bezzia-type larvae 0.6 O.1 0.3 0.5 0.2 
Hydrozetes sp. 0.3 1.5 0.5 i) 
Bulinus tropicus (Krs) Pp 0.9 ~ Pp i) 
p = present 


* Dr. J.P.Harding has identified Simocephalus exspinosus KOCH and Ceriodaphnia bi- 
cuspidata (WELTNER) and C. reticulata JURINE var. minor SARS from these collec- 
tions. 
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TABLE 15 
Station 8 : 
Percentage composition of fauna of submerged vegetation 


1954 1955 
a ee ee 
May Winter Spring Summer Autumn Winter Oct. 
ee 


fo % fo Jo Jo f 


Hydra sp. (white) 2.7 

aha sp. (green) 0.4 

Chaetogaster sp. £0 ore 
P 


bp oOo 

eH wo 
° 
; 
— 


Nais sp. 

Simocephalus sp. * 

Ceriodaphnia * 

Cyclops sp. (large) 4 

Cyclops spp. 10.2 9 

Paracyclops sp. c.f. poppei (Rehberg) 0 

Austrocloeon virgiliae Barnard Bike (UE 
0 
0 
1 


co 


SASrAOrS, ww COPNWN 


Pseudagrion spp. + 

Enallagma glaucum (Burm.) 2.7 
Crunociella sp. 

Athripsodes harrisoni (Barnard) 2) 


~ 
wo wwwon ARWONW 


oo oo 


. 


Argyrobothrus sp. 1 
Dytiscid larvae 1 
Simulium spp. 0 
Pentaneura sp. 3: 
2 
6 
0 


e 


Corynoneurinae 42. 
Tanytarsus-type larvae 

Other Chironomidae 2 
Bezzia-type larvae 

Hydrozetes sp. 

Bullinus tropicus (Krs) P p 


ray 


t 
Oronwo rw no AnNOoOorF 
— 
09, 
wo 
> 
ou 
~~ 


Pa © ONMN O- 


He 


p = present 


* See Table 7. 
+ Adults caught here were Pseudagrion citricola BARNARD. 
t See Table 5. 
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TABLE 17 
Station, 3, Rietfontein 
Percentage Composition of Fauna of submerged Vegetation 


1954 1955 


May Winter Spring Summer Autumn Winter 
f % hp Io Jo Yo 


Chaetogaster :¥ 
Nais sp. 
Cyclops spp. 
Paracyclops sp. 0 
Enallagma glaucum (Burm.) 0. 
0 
0 


KR 


. 
FwOnon 


Anax imperator Leach 
Argyrobothrus 
Athripsodes harrisoni (Barnard) 
Ecnomus sp. 4.5 
Culex sp. 
Corynoneura sp. 2.6 
0 
0 


AwWAWOW 


Tanytarsus-type larvae 
Other Chironomidae (mainly Pentapedilum anale Freeman) 90.0 4 
Hydrozetes sp. 6.9 4 


ONIRrPWODPFE BL rPomwwn 
b 
— 
(ve) 


RH 


1 
20 


p = present. 
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TABLE 19 
Correlation between Chemical, Floral and Faunal Results 


ie te 
Station Chemical Results Bacterial Results Diatom Results Faunal Results 
SUE 2 EEL En a ete tse ley CONN Pi 6 Re Ae ee ea i eee) ee a Ee 


2a&b High nitrate and ammonia, Heavy saprophytic pollution, Association indicates high Association indicates mild 


pH below 7.2 in wet season, 


Ammonia much lower, 
nitrates. slightly lower, pH 
below 7 in wet season. 


As above but nitrate lower 
except in winter. 


Ammonia and nitrates low, 
but nitrates high in winter. 
pH can go below 5 in the 
wet season. 


Nitrogen low but above 
normal, pH very low. 


faecal organisms above 
normal. 


Low counts. 


Higher counts than at station 
5, especially saprophytes. 


Much the same as 7, some 
improvement. 


Little pollucion, counts low. 


nitrogen content, acidophiles 
common. 


eee 
acidophiles present. 


Increase in Nitzschia indi- 
cates some deterioration. 
Acidophiles present, 


Some decrease in nitrogen 
lovers, acidophiles and 
acidobionts present. 


A few-nitrogen lovers but 
mainly acidobionts. 


organic pollution. 


No indication of organic 
pollution. 


Fauna indicates enrichment, 
many algal feeders. 


Fauna rich when pH high but 
reflects acid pollution in wet 
season. Mild organic pollu- 
tion shown in runs. 


A specialised fauna asso- 
ciated with ey acid 
conditions, no sign of organic 
pollution. 


On SS 
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faecal pollution, and the very low figures obtained for the Total 
Count indicate that conditions in this acid water cannot be particu- 
larly favourable for bacterial life. It has not been possible to attempt 
the type specification of the organisms capable of living in these acid 
conditions but a certain proportion of the total population were non- 
faecal members of the coliform group. 

Considering the degree of self-purification, or rather, of reduction 
in bacterial numbers, along the Klipspruit between stations 2b and 
5, in the eastern arm, the increase in total bacterial numbers at the 
outlet of the vlei region (station 8) was unexpected. On the other 
hand this does not detract from the value of the finding that a natural 
vlei system has considerable powers of reducing bacterial numbers 
in a stream passing through it. There must be other factors causing 
this increase and it is quite possible that there is incidental pollution 
from human and animal sources which is sufficiently severe to over- 
shadow the bacterial self-purification taking place. 

Table 5 presents average figures for two wet seasons and for one 
dry and shows the seasonal variations in bacterial numbers as well 
as the variation in distribution. Station 1 is omitted from this table 
as sampling there was not as frequent and regular as at other stations. 
In the dry season there was a decrease in the total number of orga- 
nisms from outside sources but generally a relative increase in or- 
ganisms of faecal origin; in the wet season, conditions were reversed 
with general increases in the number of ”’foreign” organisms but 
with lower relative proportions of organisms of faecal origin. 

The diagrammatical representation (Figure 1) of the percentage 
‘distribution of the various groups of the organisms determined, dis- 
regarding Total Count, shows these seasonal variations very well. 
_The pattern repeats itself over and over again in diagrams of per- 
centage distribution in other river systems under similar conditions; 
Station 5 is a particularly good example. 


Conclusions. 

(i) The apparent increase in the bacterial population of Olifantsvlei 
as a whole (c.f. wet seasons 1955 and 1956, station 8) is probably 
not due to increased sewage pollution but rather to increased human 
and animal activities in and around the vlei. If slow environmental 
changes are taking place these could not be measured in the short 
survey period nor their causes assessed. Certain factors may be 
obscuring the picture, e.g. flow and dilution rates. 

(ii) The apparent poor correlation between the bacterial and 
chemical results (e.g. at station 8) indicates that chemical analyses 
cannot be relied upon as the sole criterion of water quality in natural 
purification systems, chemical improvement need not reflect bac- 
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teriological improvement. However, these apparent discrepancies 
may be due partly to the peculiar type of pollution existing in this 
System; in other river surveys agreement between bacteriological and 
chemical results has been found to be good. 

(iii) It appears that organisms of definite faecal origin are able to 
survive in natural waters for considerable periods particularly if 
their immediate environment remains fairly constant and suitable 
nutrients are available. 

(iv) From the results of chemical, biological and bacteriological 
analysis it is obvious that the existing pollution of the Klipspruit and 
parts of Olifantsvlei is due to the discharge of sewage effluents with 
local incidental faecal pollution. It is also apparent that the vlei pos- 
sesses an extraordinary power of selfpurification and is capable of 
dealing with a complicated set of polluting factors more efficiently 
than a river. 


Flowering Plants. 

The Klip (Station 1). The bed of the stream was mostly bare with 
small patches of the aquatic Scirpus fluitans LINN. 

The Khipspruit (Stations 2a and b). At station 2a the stream was 
fast-flowing and contained large, dense submerged growths of 
Scirpus fluitans right across the bed. At station 2b the flow was 
slower and there was less S. fluitans but some thin Lagarosiphon 
major (RIDLEY) Moss in the shallows. 

The Vlei. The difference between the Klip and the Klipspruit 
arms of the vlei is as pronounced in the vegetation as in the water. 

' The thick layer of peaty deposits which fills most of the Klip arm 
is always waterlogged but not submerged except during floods. It 
was covered with the common bullrush, Typha latifolia LINN., with 
some rather stunted Phragmites communis TRINIUS; there was a 
certain amount of Polygonum lapathifolium LINN. and the fern 
Dryopteris thelypteris (LINN) var. squamigera SCHLECHT was abundant. 
Ranunculus meyeri HARVEY grew on damp ground or in shallow 
water. Around and in the patches of open water were the smaller 
rushes Funcus exsertus BUCHANAN and 7. oxycarpus E, MEYER. 
Scirpus fluitans grew in pools and in running water and was the only 
truly aquatic plant. 

The swampy Klipspruit arm gave another picture. Apart from 
the channels and pools the region was largely overgrown with 
luxurious growths of Phragmites communis with some Typha lati- 
folia. Along the borders of pools and on wet soil were extensive 
patches of Crassula natans THUNBERG, Cotula coronopifolia LINN., 
Ranunculus meyeri Harvey and Nasturtium officinale R. BROWN. 
These were usually mixed with the grass Paspalum sp. which was 
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common wherever there were no growths of the larger reeds. Alisma 
plantago LinN., the water plantain, was common at the edges of pools 
and in shallow water and there was an occasional plant of Kniphofia 
sp. Polygonum lapathifolium LINN. was present but nowhere abun- 
dant. In the pools and along the edges of channels there were thick 
growths of Lagarosiphon major (RIDLEY) Moss but no Scirpus 
fluitans. 

Outlet Region. The same swamp plants were found here as at 
stations 5 and 6, in the eastern arm of the vlei, and the growths of 
Phragmites communis were particularly dense. At the weir there was 
some Potamogeton pusillus LINN. and Lagarosiphon major growing in 
open Water. When the region was first visited in April 1954 the 
channels below the weir down to the rapids at station 8 were practi- 
cally choked with Potamogeton pusillus, Alisma plantago grew at the 
edges and in open water to a depth of 23 feet, and there patches of 
Cotula coronopifolia at the edges or in shallow water. 

When the water at station 8 went acid in January and February, 
1955, all the Potamogeton pusillus died off and had not recovered 
by October 1955. It was found in the channel immediately below 
the weir in May 1955 but this was above a direct inflow of acid Klip 
water running down to the outlet below the embankment. The pH 
at the weir was 6.4 whereas at station 8 it was 5.45. It appears that P. 
pusillus cannot tolerate a low pH, probably not below 6.0 The Cotula 
coronopifola at station 8 was also unhealthy and leafless during 
February and March but soon recovered, the Alisma plantago 
was not affected. 


Algal Flora (General), Plankton Net Studies: 


Much of the material caught in the net was not true plankton but 
epiphytes stirred up by the net or in other ways. 

Station 2b: (On the Klipspruit). There was usually very little 
plankton or floating algae at this station. Table 6 shows that the 
composition was very variable. Diatoms formed the bulk when the 
first samples were taken in November 1954 but these practically 
disappeared in February, 1955, after a period of strong flow and 
low pH; they had returned by July when the pH had risen and the 
flow was steady. The composition of the filamentous algae was also 
rather variable. (table 6). 

Station 5: (On the Klipspruit). Plankton net catches contained 
large quantities of plankton and stirred-up epiphytes except in 
February and March, 1955, after a period of heavy flow and low 
pH. This period particularly affected the diatoms which did not 
recover until August. Apart from these the numerically important 
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algae in the samples were Scenedesmus spp., Cosmarium sp. and 
_ Closterium sp. cf. peracerosum. Filamentous algae were usually 
abundant during the dry season (Ulothrix). 

Station 7 (The Weir). There was also a distinct drop here in the 
number of diatoms in the samples during summer and autumn, some- 
times none were recorded. For the rest the samples consisted mainly 
of Scenedesmus spp. and Cosmarium sp. Filamentous algae were 
usually abundant, except during February and March. 

Station 8 (Outlet). The effect of the low pH during the wet season 
was most marked at this station. The very low pH in February 
resulted in the virtual disappearance from the samples of the diatoms, 
Scenedesmus spp., Cosmarium and Closterium. Recovery was slow 
as the pH remained low until July. Though no floating or drifting 
algae were recorded in March some Scenedesmus sp. cf. arcuatus 
was found mixed with Ulothrix. 

There was usually an abundant growth of filamentous algae 
at this station but most of it died off with the low pH prevailing du- 
ring February. Thick growths of Ulothrix appeared during April 
but large masses of it died off, periodically, during the next two 
months, specially in mid-stream. This was put down to the conti- 
nuing low pH which may have fluctuated though a continuous record 
was not available. 

- Station 3 (Rietfontein) Table 10: The water at this station had a 
pH below 5 for most of the year and was always acid, the algal flora 
was quite different to that at the other stations. In spring 1954 the 
water was full of floating filaments of Mougeotia sp: these, with their 
sparse chlorophyll content, gave the water a dirty, pale olive appea- 
rance. By November the water was practically clear with very few 
filaments; apart from these there was hardly ever any true plankton 
except for outbursts of Chromulina sp. in August and October 
1955. At other times the net collected only stirred-up epiphytic 
cells or pieces of filamentous algae. Mougeotia sp. and Sphaerocystis 
sp. were characteristic species. The diatom association was also 
characteristic. 


Studies on Diatomys. 


As is well known, the study of the algal flora of a natural water 
requires much time but the analysis of the diatoms and their com- 
munities is possible on the basis of a series of preserved samples. 
Diatom analysis gives reliable results concerning the ecological 
conditions of the localities where the samples were collected. The 
following descriptions of the diatom communities are based on ten 
samples, seven of which I collected on 24th September, 1957. 
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1. Station 3, Rietfontein. Slimy deposits on submerged grasses and 
reeds. 

. Station 3. Brownish mud from a deep spot. 

. Station 2b, Klipspruit. Deposits on stones. 

. Station 2b. Bottom mud. 

. Station 2c, Klipspruit near Kliptown. 

. Station 5, the part of the swamp south of Kliptown and Nance- 
field. Among Lagarosiphon plants. 

7. Station 7, weir. 

The other three samples were kindly collected by Dr. A. D. 
Harrison. They were as follows: 

6a. Station 5. The same locality as sample 6. 

8a. Station 8, outlet. Batrachospermum plants from a stony run 

just below the road bridge. 

8b. Station 8. Deposits on stones and submerged plants in regions 

of quiet flow or small backwaters. 

The floristic enumeration of the diatoms found in the samples has 
been published elsewhere (CHOLNOKY, 1958A); This showed that 
the floristic presence” of a species, i.e. the mere presence of its frustu- 
les in the sample, does not necessarily establish the character of the 
locality where the sa mple was collected. In some parts of the swamp, 
the flora is composed of species which prefer polluted waters with a 
high N-content and in other parts of diatoms which are either typical 
of acidobiontic environments or of katharobic, neutral waters; during 
floods there is much mixing and therefore a picture of conditions 
based on the mere ’’floristic” presence would be very confusing and 
misleading and so the floristic list will not be repeated in this paper. 
However, the exhaustive description of the associations and their 
percentage composition is repeated here in an abbreviated form. 

The results of the THOMASSON-Analyses will be found in table 11 
which gives the percentage incidences of the commoner species found 
in the samples, except from sample No. 4 which contained too much 
mud to be analysed reliably. As sample No. 3 was collected at the 
same place at the same time the omission of No. 4 does not influence 
the results. In the table the letter ”’t”” (trace) means that the species 
were found in the sample concerned only in the course of the flo- 
ristic but not in the THOMASSON-Analyses. 

The following species in the table are acidobiontic: Eunotia 
exigua, E. pectinalis with its varieties, Frustulia magaliesmontana, 
F. rhomboides var. saxonica and Pinnularia acoricola; this means that 
their optimum pH is 4 to 5 and, in any case, lower than 6. They were 
present in a high frequency in samples 1 and 2 (Station 3) but some, 
especially E. pectinalis, were also present in samples 8a and 8b (sta- 
tion 8). This ties in well with the fact that stations 3 and 8 gave lower 
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pH values than the other stations. Table 1 shows that the pH at station 
3 was consistently lower than at station 8 so it was not surprising 
to find that the very strict acidobiont, Pinnularia acoricola pre- 
dominated at station 3 whereas Eunotia pectinalis which can stand 
a somewhat higher pH, predominated at station 8 (see sample 8a). 
In any case the very high percentages of acidobionts in the above- 
mentioned samples indicate that the acidity of the water must be 
constantly high at the stations concerned. 

Anomoeoneis exilis, Navicula contenta, Pinnularia subcapitata 
and its variety, and P. wiridis are definitely acidophilous, their op- 
timum pH is between 6 and 7. Correspondingly they were also found 
in the above-mentioned, acidobiontic stations but they were more fre- 
quent in localities where the pH did not drop for a long period below 
6 nor went above 7. Stations 2b and 2c were therefore typically 
acidophilic and 5 and 7 (samples 6, 6a and 7) also contained high 
percentages of acidophilous species. September, 1957, when these 
samples were taken, had been a wet month and conditions must have 
been very similar to those in December, 1954, or January, 1955. (See 
table 1), i.e. the pH must have been lower than 7. 

High percentages of the Nitzschia species indicate moderately 
strong pollution of the waters of the swamp as most species of 
Nitzschia require dissolved organic or inorganic nitrogen compounds 
for their metabolism (they are able to de-aminate these compounds, 
SAUBERT 1957), and, therefore, their reproduction rate must be 
dependent on the quantity of dissolved nitrogen compounds availa- 

ble. The limnological examination of the Jukskei River (CHOLNOKY, 
1957B) and other experience shows that the relative frequency of 
Nitzschiainthe diatom community is proportional tothe quantity of dis- 
solved nitrogen compounds. The frequency of Nitzschia, therefore, is 
particularly suitable for assessing nitrogenous pollution, the more 
so because the representatives of this genus are adapted to live in a 
-wide range of pH values and in a wide variety of ecological conditions; 
in each condition there would be different species and different rela- 
tive frequencies but the totals of all Nitzschia species present would 
be similar. In other words the nitrogen content of the water would 
determine the frequency of Nitzschia and the other environmental 
factors the species composition of the community. In a study on 
the Jukskei River it was noted that there were some species of this 
genus which propagate independently of the amount of dissolved 
inorganic nitrogen compounds (e.g. Nitzschia linearis), but these 
species were so rare in the present samples that they can be neglected 
in this discussion. 

The highest frequency of Nitzschia was in sample 3, from station 

2b, on the Klipspruit this agrees well with the chemical results for 
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this station (table 3) and indicates that the high nitrogen content 
found during 1954—55 continued into 1957. The drop in the Nitz- 
schia frequency in samples 5, 6 and 6a (stations 2c and 5) on the 
lower Klipspruit, shows the effect of self-purification but the whole 
swamp does not purify the water completely as samples collected at 
the outlet (8a and b) still contain Nitzschia in too high a frequency. 
This could have been due to re-pollution. The water in the western 
part of the swamp (samples 1 and 2, station 3) is not highly polluted 
but the Nitzschia-frequency indicates that it contains more than 
normal amounts of nitrogen compounds originating from pollution 
of the Klip River. (See table 3, ammonia values for station 1). 

The high Nitzschia content of the community found in samples 8 
and 8b (station 8) is doubtless an indication of secondary pollution 
as discussed in the section on Inflows and Pollution, page 91. Condi- 
tions as a whole are changeable because of the variations in nitrogen 
content and pH (see tables 1 and 3), As a result of these there is a 
continuous succession of the diatom communities. In all types of 
plant association there are species which prefer succession conditions 
and the diatoms are no exception as they also include species which 
prefer conditions of constant change. Investigation at the Pretoria se- 
wage works showed that succession species characteristic of changing 
nitrogen concentrations were Gomphonema parvulum, Navicula 
confervacea and N. seminulum. Their frequency in and near the 
outlet was a result of the variability of the amount of dissolved inor- 
ganic nitrogen compounds. 

Achnanthes microcephala and A. minutissima are not sensitive 
to changes in the pH and nitrogen content but very sensitive to 
oxygen content, their high frequency, therefore, signifies an abun- 
dance of oxygen. The highest frequencies of these were found in 
samples 6 and 6a (station 5) where the activities of the higher plants 
and algae must keep the oxygen content constantly at a high level. 
Because intense plant activity is essential for biological self-purifica- 
tion, the amount of oxygen in the water and consequently the amount 
of Achnanthes in the diatom community must be a measure of the 
degree of self-purification taking place. This is, therefore, highest at 
Station 5 and the chemical results are in agreement (table 3). 

The figures in table 11 when properly interpreted, give a true pic- 
ture of the limnological conditions in the swamp but they are also 
suitable for graphical and especially cartographical treatment. As the 
figures from various THOMASSON-analyses are comparable and re- 
flect environmental conditions, graphical representations based on 
them must be more reliable than those based either on incorrect 
physiological conceptions or on subjective estimations. 

The diagrams constructed by PATRICK (1951), PATRICK, HoHN & 
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WALLACE (1954) and Houn (1954 and 1956) do not reflect accurately 
the characteristics produced by any specific limnological-ecological 
conditions. They claim that a decrease in the number of species 
with an increase in the number of individuals of diatoms indicates 
organic pollution, but organic pollution is not the only factor which 
would produce such a change, other factors or other extremes could 
do the same. If the criterion of pollution suggested by these authors 
is used then station 3, Rietfontein, (samples 1 and 2) would appear to 
be the most polluted locality in the whole swamp, but it really 
receives no organic pollution and the small number of species is due 
to a very low pH produced by purely mineral contamination. It. 
is well known that it is not easy to identify diatoms present in a 
sample but, if the species are not accurately identified no worth- 
while conclusions can be based on the subsequent analyses and cal- 
culations. 

The simplified methods put forward by the above authors are 
open to the further serious objection that the results are not suitable 
for cartographical representation. This presentation of results can 
be very useful for practical workers in a country with a high water 
consumption and effluent problems. LIEBMANN, 1955A and B, uses 
a cartographical representation based upon the mere ‘floristic pre- 
-sence’ of some species, (i.e. their mere occurence on floristic lists) but 
the criteria he uses here differ from those in the improved system of 
saprobic organisms he put forward previously (LIEBMANN, 1951). 
This emphasises the unreliability of attempts to produce diagrammatic 
maps and of other methods of demonstrating pollution which are 
not based on an accurate knowledge of the composition of the diatom 
community. 

The method of working out the ecology ‘floristically’, that is 
basing it on the plain lists of species and not on their relative inciden- 
ce, is not reliable and therefore not appropriate for graphical or car- 
tographical purposes. 

The method developed by CHOLNOKy, 1958B, gives more satis- 
factory results. In figures 2, 3 and 4 the topography of Olifantsvlei 
has been schematised as the distances between the stations were 
irregular and sometimes too small to be convenient on a diagram. 
The swamp is represented by a Y, the left branch of which represents 
the Klip River arm and the right branch the Klipspruit arm. These 
two arms are shown joining at station 7, not at station 6 where the 
streams actually join, as the waters only mix properly below the 
weir (see page 91). The sampling stations are marked off equidistantly 
by lines drawn at right angles to the parallel lines forming the Y. 
The distance between the parallel lines represents 100 % of the 
diatom community and the shaded portions the percentage fre- 
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quency of the groups or species in question. If there had been more 
than one sample from each station the average frequency would have 
been used. 

Figure 2, drawn as above, presents the frequencies of acidobionts 
(black zone) and acidophilous diatoms (stippled zone). The diagram 
shows that in the western branch the acidobionts predominate and 
in the eastern one the Klipspruit waters favour the acidophilous 
and not the acidobiontic species. The frequency of both groups 
decreases more or less regularly to the weir (station 7) but increases 
below this again. The differences at the various stations can only 
be due to the variation of pH values which greatly effect the propa- 
gation of these species. As mentioned before, they are in accord 
with the December and January conditions shown on table 1, which 
were similar to those of September, 1957, when the rainy season 
began early. 

As stated above, the nitrogen content of the water can be used as an 
index of pollution and this influences the reproduction of Nitzschia 
species. The second diagram, figure 3, gives the frequencies of 
Nitzschia (hatched zone). As mentioned before, a variability of ni- 
trogen concentration results in a succession which favours the in- 
crease of the frequency of Gomphonema parvulum, Navicula con- 
fervacea and N. seminulum, represented by the stippled zone. 
Figure 3 shows that the lowest frequency of Nitzschia occurred in the 
western branch of the swamp and the highest in the Klipspruit 
(station 2b). Self-purification results in a decrease at station 5. Below 
this station the frequency of Nitgschia increases again to high 
values at the outlet (station 8). The variations shown on the diagram 
and the reasons for them have been discussed previously. 

The third diagram (figure 4) shows the frequency of Achnanthes 
microcephala and A. minutissima, the reproduction of which is 
largely dependant on the oxygen content of the water. This makes 
them useful indicators of the amount of oxygen present. The distri- 
bution of the Achnanthes species justifies the following conclusions: 

(a) the oxygen content in the west part of the swamp is not ex- 
ceptionally high, 

(b) the low frequency in the Klipspruit, station 2b, shows the 
low average oxygen content of the river there, this ties in with 
the high nitrogen content, 

(c) the high frequency at station 5 shows the high oxygen content 
concomitant with intensive plant activity and self-purification, 

(d) the decrease in frequency towards the outlet shows that there 
is a decrease in oxygen content there. 
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Lhe F aunia, 

The two main types of pollution had a great influence on the fauna 
of the various parts of the swamp. The mineral pollution in the 
Klipspruit was mainly in the form of neutral sulphates by the time 
it reached stations 2a and b, at the top of its arm of the swamp. The 
_ pH usually lay between 6.5 and 7.5, except in the rainy season. This 
had no obvious effect on the fauna. The organic pollution, however, 
had a marked effect. 

The strong acid pollution in the Klip River had a profound effect 
on the fauna of its arm of the swamp, station 3. These effects disappea- 
red lower down, after confluence with the Klipspruit, except during 
the rainy season. 

The effects of organic pollution in the Klipspruit disappeared by 
the time the stream reached station 5, near the confluence, and the 
continuing high nitrates had no obvious effect. The fauna appeared 
to be normal for a clean, slow-flowing, High Veld stream. 

The rich entomostracan fauna at the Weir (station 7) reflected the 
chemical enrichment of the water running into the stretch of deeper, 
open water there. At the outlet (station 8) the fauna was normal for 
streams in the district except when the water went acid. 


Detailed Description. 


The Khipspruit (Stations 2a and 2b) Table 12. 

The most important species, numerically, was Paracyclops sp. 
_(c.f. poppet) which dominated the fauna for most of the year. Du- 
ring the dry season Chaetogaster spp. became abundant but disappea- 
red with the heavy rains probably because they were washed away. 
There was a sudden outburst of Cyclops spp. in October 1954 but 
these soon disappeared. Chironomidae were usually fairly well in 
evidence. 

In similar but unpolluted streams a number of may-flies, mainly 
Baetidae, would be expected but the only one occurring here was 
Austrocloeon virgiliae which is normally found in slower flowing water. 
The absence of the others must have been due to the pollution. 

Pollution effects. The following features were considered to be 
due to the sewage works effluent and other organic pollution: 

1) the comparative abundance of Paracyclops which is commonly 
found in sewage works effluents in the Transvaal and was 
also found by HARRISON, 1958B in a polluted stream in the 
Cape Province; 

2) the numbers of Chaetogaster spp. which are not normally found 
in a fairly fast stream of this type; 

3) the small numbers of Ephemeroptera; 
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4) ra absence of Pseudagrion spp. (there were a few Enallagma 
Bp:)s 

5) the absence of Trichoptera, even in stony habitats (except for 

an occasional Argyrobothrus) ; 

6) the almost complete absence of Simulium spp. which were not 

even found in the fastest parts of the current. 

We have here an example of the effects of a specialised pollution 
which was largely sewage works effluent discharged after treatment in 
biological filters and settling tanks but still containing a certain a- 
mount of organic matter and nitrate and ammoniacal nitrogen. The 
sewage works originally received both domestic and industrial wastes. 
Conditions were not worse than beta-mesosaprobic but there seemed 
to have been toxic effects. 

Station 2b, where the Klipspruit enters the swamp, was sampled 
again in November, 1957, when the diatom samples were taken. 
Further deterioration had taken place and there was a dense popula- 
tion mainly of Nazis sp., but, also large numbers of red Chironomus 
larvae, (seen here for the first time) and a lot of Vorticella and other 
peritrichs. 


Station 5, near the confluence, Table 13. 

Most samples were taken in a healthy growth of Lagarosiphon 
major where there was no detectable current though the flow in the 
channel a few feet away was about 15 to 25 cm./second. The fauna 
was normal for a slowflowing stream in the district and there was 

_no obvious sign of pollution. The fauna cannot be compared directly 
with that of the station above where current speeds were higher; in 
slow-flowing water such forms as Baetis spp., Pseudagrion spp. 
and Simulium spp. were not to be expected. However, differences in 
current speed would not account for the virtual disappearance of 
Paracyclops sp. (c.f. poppei) and the drop in numbers of Chaeto- 
gaster spp. The fauna was of an oligosaprobic type but the high 
incidence of Cyclops spp. (table 13) indicated a certain amount of 
enrichment showing that recovery was still not quite complete. 
Apart from the Cyclops spp. the fauna consisted mainly of Chirono- 
midae but a number of other organisms occurred in small numbers. 


The Weir (Station 7) Table 14. 

The Weir was at the end of the deeper section of the vlei which 
formed a large mixing and maturation zone. Here the ammonia 
nitrogen figures were always low and the nitrates only high in winter. 
At the sampling point the water was deep (6 to 8 feet) and the flow 
very slow, in fact conditions were practically lacustrine and a diffe- 
rent fauna was to be expected from the station above. The fauna was 
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largely dominated by Cyclops spp. but Chironomidae, Corynoneu- 
rinae and Chaetogaster spp. were very much in evidence. Others 
occurred in small numbers regularly or seasonally, for instance there 
were spring outbursts of Simocephalus sp. (September) and Cerio- 
daphnia sp. (October). The fauna was fairly dense as would be 
expected in a small, enriched, eutrophic lake or pond. The frequen- 
cies of Chaetogaster spp. and Cyclops spp. in the total population 
were greater here than at station 5, probably indicating some deterio- 
ration, reflected more definitely by the bacteria and diatoms. 


The Outlet (Station 8), Table 15. 

Samples were taken in water weed in flowing water (about 23 to 
30 cm/sec.). The weed was mostly Potamogeton pusillus until it 
disappeared in January 1955 after which samples were taken in 
submerged Alisma plantago. 

Here again Cyclops spp. formed a very important part of the fauna 
especially in spring and summer; many of these copepods may have 
come down from the deep water region above. Chaetogaster spp. 
had their highest incidence in winter when current speeds were slow. 
Chironomidae were important with a high proportion of Cory- 
noneura spp. (See section on Chironomidae), their relative frequen- 
cies fell off towards the end of the survey but there was no evidence 
of a change in their actual numbers. Hydrozetes sp. increased in 
incidence when the water went acid (c.f. Station 3). 

No quantitative samples were taken but it was noticed that the 
faunal density dropped after the Potomogeton pusillus disappeared in 
January, 1955. 

Samples were also taken in a stony run just below the outlet 
(table 16) where current speeds varied between 70 and 95 cm/sec. 
One sample was taken in 1953 with a net of 11 mesh/cm. and others in 
1954, 1955 and 1957 with a net of 25 mesh/cm. There was always a 
dense algal growth on the stones except when the very acid conditions 
prevailed. The samples taken in 1953 and 1954 consisted largely of 
the caddis larvae, Cheumatopsyche maculata and Macronema sp. 
(probably M. natalense ULMER) and Chironomidae. On both occasions 
the fauna was dense. After the water went strongly acid in the summer 
of 1955 there was a marked change; though samples were not quan- 
titative it was very obvious that the faunal density had greatly de- 
creased. Changes in the composition (table 16) were: the falling off 
of the Trichoptera and Chironomidae, increases in the incidence 
of Naididae, and the appearance of Paracyclops sp. This change would 
normally be associated with mild organic pollution but, as there were 
no effluents entering the stream here, it must have been due to the 
fact that large growths of filamentous algae appeared and died off 
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frequently during the period. The falling off in the numbers of 
caddis, Simulium and Chironomidae was almost certainly due to the 
acid conditions, and they began to recover in October, 1955, after the 
pH had been higher for some time. 

In November 1957 a sample was taken at a time when the station 
had recovered temporarily from acid conditions. There were very 
dense growths of algae on the stones, mostly Batrachospermum sp. 
and Fragilaria hungeriana GRUNHOF, and there were still animals 
present which are normally associated with mild organic pollution. 
At no time was the fauna in these runs and stickles normal; this was 
almost certainly due to the thick algal growth on the stones, which 
would inhibit stone-clinging Baetidae and other forms, and to the 
organic drift the stream received from the very eutrophic lake above, 
which would encourage the large numbers of Hydropsychidae some- 
times found. 


Station 3, Rietfontein, Table 17. 

HARRISON, 1958A, discusses the fauna of acid polluted water in the 
Transvaal including this part of Olifantsvlei. Fuller details of the 
position at this station are given here. The fauna consisted mainly of 
Chironomidae (mostly Pentapedilum anale FR.) with high incidences 
of the caddis Argyrobothrus sp. and the mite, Hydrozetes sp. (Oriba- 
toides), at various times (see table 17). These were the characteristic 
animals of the acid parts of the vlei. Argyrobothrus sp. occurred 
elsewhere, but was much more numerous in the acid water. 


The Chironomidae. Table 18. 


As it was not possible to identify larvae, adults were netted on 
the spot and a number were bred out in the laboratory from samples 
taken in characteristic habitats. 

Table 18 shows that the composition of the Chironomidae was 
very different at the four stations sampled. At station 2b, on the 
Klipspruit just before it enters the swamp, the species composition 
reflected the severe (polysaprobic) conditions there in November 
1957; red larvae of Chironomus palustris were very abundant. 
Stations 5 and 8, the lower Klipspruit arm and the outlet, had more 
normal populations and the extra Orthocladiinae at the outlet must 
have resulted from the stronger flow. 

The continuous low pH at station 3 on the Klip River arm, resulted 
in a very distinct chironomid fauna. Pentapedilum anale always 
dominated aerial nettings and laboratory breedings but C/ironomus 
linearis was also very characteristic (see HARRISON, 1958A). 

Ecological Notes: Pentaneura spp. were seen crawling on top of 
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muddy bottoms or among weed and algal filaments, the other 
Tanypodinae lived in the mud. Tanypodinae were not found at 
station 3 where it was constantly acid. Corynoneura elongata lived 
in muddy bottoms or in lumps of mud trapped among weed. Tany- 
tarsus pallidulus constructed its tubes out of mud and these protruded 
from muddy bottoms or from lumps of mud trapped among weed; 
its larvae were of the typical Tanytarsus type. ScoTT, 1958, records 
this species from a backwater in the Great Berg River. Table 13 
shows that there were very few typical Tanytarsus larvae in normal 
weed samples at station 5, so it must be surmised that the larvae 
caught in weed there were mainly the Orthocladiinae (see Table 18, 
station 5), Dicrotendipes pilosimanus and Tanytarsus (Calopsectra) 
nigricornis. 

Although Orthocladiinae were commoner at station 8 than at 
station 5 none were bred out from weed samples taken there. The 
only chironomids to come out were D. pilosimanus, and T. (C). 
nigricornis. The latter was usually very abundant in flight and on 
shaded surfaces at this station. The commonest Tanypodinid at 
station 8 was Pentaneura dusoleih, ScoTT, 1958, found this in many 
localities but mainly in still or slow-flowing water. 

Other more universal species found in acid water were Metriocne- 
mus dewulfi, Limnophyes natalensis, Corynoneura elongata and 
Tanytarsus pallidulus, SCOTT, 1958, found the latter with P. anale, 
in soft, acid water near Cape Town. 


DISCUSSION 


In this study Olifantsvlei has been considered as a region of intense 
natural purification of polluted waters. Three main types of pollution 
were present in streams entering the swamp: mineral acid pollution, 
organic pollution and bacterial pollution by organisms of faecal ori- 
gin. All three types of pollution were removed to some extent. 

The acid is neutralised by the underlying dolomite. However, the 
region cannot deal with the larger volume of acid water pouring in 
during the rainy season and the acid is then neutralised lower down 
the Klip River. 

There was very little free organic matter present in the Klipspruit 
by the time it reached the top of its arm of the swamp (station 2a and 
b) but there was till a fair amount of saline ammonia and nitrates, 
originating from the Klipspruit Sewage Works. The swamp dealt 
with most of the ammonia nitrogen by the time the water reached 
station 5, near the confluence and the nitrate nitrogen by the time it 
reached the outlet. During the winter, when the reeds died back and 
plant activity slowed down, a lot of the nitrate passed through the 
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vlei. This bears out the contention that nitrate nitrogen does not 
disappear as rapidly under natural conditions as does ammonia ni- 
trogen. 

KRreFT, et al, 1958, working on sewage works effluent, has shown 
that saline ammonia disappears from solutions of the order of 20 to 
50 mg/lit. (as N) within hours when these solutions are buffered to a 
pH of over 8.4; their later experiments (personal communication) 
show that at pH values of 4.5 to 6.5 there is no appreciable disappea- 
rance after a week. In Olifantsvlei saline ammonia concentrations 
were greatly reduced in the swamp as a whole and even between the 
top and the bottom of the Klipspruit arm; this cannot be explained 
by dilution. The process was unaffected during the wet season when 
the pH was low and retention periods in the whole swamp could not 
have been more than a few days at the most, and water must have 
passed from station 2 to 5 in a few hours. It would seem, therefore, 
that the saline ammonia must have been removed by biological 
activity, probably the metabolism of algae and higher plants. It is 
possible that at all times of the year, part of the saline ammonia 
was oxidised to nitrate which could have been used by plants or 
passed through to the outlet. 

Bacterial purification is marked. The Klipspruit carries mainly 
bacteria of faecal or possible faecal origin from the sewage works 
effluent, but also saprophytic and soil bacteria, the latter particularly 
during the rainy season. All these types show marked reduction 
though there is evidence of incidental faecal pollution in the swamp 
itself which was masking an otherwise efficient removal. The increase 
of saprophytic bacteria again in the lower parts of the vlei was 
probably due to the fact that this deeper area contains large amounts 
of decaying vegetable matter. 


Correlation between Chemical, Floral and Faunal Results 
(Table 19) 


Table 19 shows that there was a relatively close agreement between 
the chemical, bacterial, diatom and faunal results, bearing in mind 
that diatom samples were taken in the wet season only. All disciplines 
showed the sewage pollution and subsequent self-purification. Further 
enrichment in the body of the marsh was shown by all biological 
analyses at the Weir (station 7); chemical samples were not taken here 
regularly as it was so near the outlet (station 8) but the few samples 
taken showed that the pH did not drop as low as at station 8 during 
the wet season. With organic enrichment there were increases in 
saprophytic bacteria and not necessarily faecal bacteria. — 

The acid pollution at station 3 was shown by the chemical, diatom 
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and faunal results, the characteristic faunal association remained 
much the same throughout the year. 


APPENDIX 


The following were also found in acid water at Station 3 or nearby: 

Rotatoria. 

Brachionus quadridentatus var. brevispinus (EHRBG.), Lecane 
(Monostyla) bulla (GOssE). 

Notonectidae. 

Anisops varia FIEB. 
Dytiscidae. 

Rantus peringueyi R&G., Clypeodytes heiroglyphicus REG., Ama- 
rodytes praestans OMER-CooPER, Herophydrus oscillator SHP., 
Hyphydrus aethiopicus B.-B. 

Gyrinidae. 

Gyrinus natalensis forma typica (REG.), Aulongyrus alternatus 
REG. 

Lepidoptera. 

Nymphula sp. 
Culicidae. 

Aedes caballus THEOBALD. 

The following were collected in the Klipspruit arm or near the 
outlet: 

Rotatoria. 

Testudinella patina (HERMANN), (Station 8), Brachionus calyci- 
florus amphiceros (EHRBG) (Station 8). 

Sphaeridae. 

Pisidium georgeanum KUIPER (Station 5). 
Cladocera. 

Pleuroxus aduncus (JURINE) (Station 2A), Chydorus sphaericus 
(O.F.M.) (Station 7). 

Odonata. 

Sympetrum fonscolombei SELYS (Station 8), Ischnura senegalensis 
(RAMBUR) (Stations 5 and 8). 

Notonectidae. 

Anisops poweri HUTCHINSON. (Station 5). 
Lepidoptera. 

Nymphula sp. (Station 5). 

Dytiscidae. 

Herophydrus oscillator Sup. (Stations 2A, 8 and 5). Bidessus sp.? 
B. sharpi REG. var. (Station 8), Rantus peringueyi R&G. (Station 2B), 
Laccophilus vermiculosus Gust. (Station 2B), Laccophilus adjutor 
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GuIGn, (Station 5), Laccophilus congener OMER-COOPER (Stations 2B 
and 7), Guignotus lineolatus Bou. (Station 5). 
Gyrinidae. 

Aulonogyrus alternatus R&G. (Station 2A and 8), Aulonogyrus 
marginatus AUBE (Station 8). 

Diptera. 

Culex univittatus THEO. (Station 8), Dixa (Paradixa) harrisoni 
FREEMAN (Stations 5 and 7), Bezzia nicator DE M. (Station 8), 
Culicoides pycnostictus I. & M. (Station 6) Sphaeromias meeseri DE 
M. (Station 6). 

The authors would like to thank Professor J. H. Day for his 
helpful criticism of the manuscript, the chemists of the National 
Institute for Water Research, specially Miss D. Sampson, for the 
water analyses, and the following systematists for their identifica- 
tions: Dr J. HAUER (Rotatoria), D1 J. P. HarpING (Cladocera), 
Dr (Mrs) J. OMER-COOPER (Dytiscidae), Professor Dr. P. BRINCK 
(Gyrinidae), Mr P. FREEMAN (Dixidae and Chironomidae), Dr B. DE 
MEILLON (Ceratopogonidae), Mr H. PATTERSON (Culicidae) and Mr 
J. KurIrerR (Sphaeridae). 

This paper is published by permission of the South African Coun- 
cil for Scientific and Industrial Research. 
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Laboratory experiments on the growth 
of Tilapia spp. 
1. The Value of Various Foods 
by 
C. C. CRIDLAND 


East African Fisheries Research Organization, Jinja, Uganda. 


INTRODUCTION 


Besides being of great economic importance in many tropical 
inland fisheries, Ti/apia present a number of problems of great bio- 
logical interest. 

Whereas most animals conform fairly closely to a general pattern 
of growth and usually achieve a size and life span characteristic of the 
species, fish are among the more plastic of animals in the sense that 
their growth-rate and ultimate size may be greatly affected by their 
physical and biological enviroment. Among fishes, Tilapia show this 
type of morphological plasticity to a very high degree. It is this 
characteristic which is of such particular interest and in this respect - 
most of the African species of Tz/apia seem to behave in a similar way. 
Their growth-rate and ultimate size is determined very largely by the 
conditions and the environment in which they have grown. Their 
growth-rate may be either fast or slow and certain species may reach 
sexual maturity at ages ranging from four months to three years and 
at sizes ranging between ten and thirty centimetres. 

Field studies have been carried out on the growth of Ti/apia spp. 
in many parts of the world and in a great variety of habitats inclu- 
ding lakes, ponds and dams. While it has been possible to relate 
certain environmental conditions with the type of growth achieved 
and the density of the populations maintained, it has not been possi- 
ble to determine adequately the significance of the several factors 
which bring about these results. It was for this reason that some 
laboratory experiments were planned in the hope of determining the 
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relative significance of the food eaten and the effect of physical con- 
ditions such as light intensity and temperature. 

The first of this series of experiments (the results of which are 
described below) was designed to discover the effect of various types 
of food and to select the most suitable diet to be used in subsequent 
experiments. 


METHODS AND MATERIAL 


Fry for the following experiments were obtained from a single 
brood of approximately 500 eggs resulting from a successful artifi- 
cial fertilisation of Tilapia esculenta. Hatching occurred after six 
days in an ,,artificial mouth” (E.A.F.R.O. Annual Report for 
1954/1955). 

The yolk sac was resorbed and the young fish started to feed be- 
tween the tenth and fourteenth day after hatching. At this stage the 
average length of the fry was 14.8 mm and the average weight 0.044 g. 

The brood was then divided into fifteen batches of fifteen fish each 
and over a period of twelve months each batch was fed on a certain 
type of food of constant quality. The fish were fed twice daily at 
regular intervals with as much as they could consume. 

In the feeding experiments glass aquaria were used which con- 
tained twelve litres of water. The water was 28 cm deep and was 
changed twice a day; the aquaria were well aerated. The temperature 
of the water did not fall below 21.5°C nor did it exceed 23.5°C. 

The fish were measured and weighed every thirty days after 
anaesthetization in a 0.4 % solution of urethane. This concentration 
was enough for the small fish but as much as 0.6 % was used as the 
fish grew bigger. Dividers were used for measuring the young fish 
and callipers as the fish increased in size. All measurements were made 
to the nearest millimetre, except in the very young specimens which 
were measured to the nearest half millimetre. The length is defined as 
the distance from the tip of the snout to the centre of the fork of the 
tail. 

In addition to the feeding experiments carried out in the laboratory 
ahundred Tilapia esculenta fry originating from the same brood were 
grown for a period of eleven months in two live boxes floating in the 
lake. These boxes were placed in a sheltered bay among weeds, 
approximately 100 yards from shore in six feet of water over a muddy 
bottom. 

Both boxes consisted of wooden frames covered with mosquito 
gauze and measured 70 cm long, 30 cm high and 30 cm wide. The 
bottoms and removable tops of these boxes were made of wood. 
Cork was fitted to the outside of the lid to keep the boxes at the sur- 
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face. In one of the boxes two large jars were inserted at the bottom 
as it was hoped that these would trap floating material and hence 
increase food supply. Fifty fish were placed in each box. 

Every 30 days these fish were taken to the laboratory to be weighed 
and measured and were then returned to the floating boxes the same 
day. 

Experiments were also carried out to test the effect of crowding. 
Two small size aquaria as described above and two larger ones con- 
taining one hundred and thirty two litres of water were used. The 
water was 27 cm deep and was changed once a week. Faeces and 
decaying food were removed daily. The aquaria were well aerated; the 
temperature of the water fluctuated between 21.5°C and 23.5°C. Ten 
fish were placed in each of these four aquaria. If any fish died it was 
replaced with another of appromixately the same size so as to keep 
the numbers constant. This experiment lasted twelve months. 

In order to compare the growth rate of T. esculenta and T. varia- 
bilis, eggs from both species were artificially fertilised on the same 
day. Ten fish of each species were put in two small-size aquaria, they 
were measured and weighed every thirty days, for a period of nine 
months, if any fish died they were replaced from a reserve stock. 

Both species were kept in adjacent aquaria where temperature 
(21.5°C—23.5°C) and light intensity were identical, and both were 
supplied with an excess of food of the same kind. The water was 
changed twice daily. 

The following foods were used in the feeding experiments: 

Oligochaete worms (Stuh/mania sp.) 

Liver of either sheep or cows 

Beef muscle 

The flesh of Tilapia 

The flesh of Mormyrus 

The stomach contents of Ti/apia (phytoplankton) 
The stomach contents of Mormyrus (insect larvae) 
Larvae of Chironomus pulcher WIEDMANN 
Daphnia magna STRAUS 

Prawns (Caridina nilotica Roux) 

Spirogyra sp. 

Euglena sp. 

Bemax 

Boiled maize meal 

The methods used for growing Daphnia, Chironomus and Euglena 
are described in the appendix. 
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RESULTS 


Figures 1 (a) and (b) show the length and weight made over a 
period of twelve months by fish fed exclusively on either worms, 
liver or beef muscle. Table IV shows the results when fish were fed 
first on beef and later on worms. Worms proved to be the best of 
these three foods; the fish fed on worms achieved an average length of 
11.3 cm and an average weight of 22.2 g. 
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Fig. 1 
(a) and (b) Length and weight respectively of T. esculenta fed on worms (W), 
liver (L) and beef (B). 
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Fish fed on liver did not grow as well as those on worms and at- 
_ tained a length of 9.4 cm and a weight of 13.2 g. 

The fish fed on beef muscle made relatively poor growth and 
attained a length of only 6.6 cm and a weight of 5.3 g. Moreover 
these fish developed abnormally and showed deformations of the head 
and tail. These abnormalities became apparent after the second 
month. The fish fed on worms or on liver remained in a healthy 
condition throughout the experiment. 

After five months the fish fed on beef muscle were divided into 
two equal batches; one batch was fed as before on beef and the other 
batch was fed on worms. The latter immediately showed a greatly 
improved growth-rate, as is shown in Fig. 1. After seven months on 
worms these fish attained a length of 10.6 cm and weight of 22 g, and 
were indistinguishable from those that had been fed all the time on 
worms. 

Tables I, II, III and IV record the minimum and maximum 
lengths of individual fish and the final weight of the smallest and 
largest individuals. It will be noted that only slight variations in 
length occurred but there was a considerable difference between 
the final weight of the smallest and largest fish. On the whole among 
T. esculenta individual variations in growth-rate were not considera- 
ble, but this is worth noting as very different results have been obser- 
ved with T. 2llii. The results obtained with T. zi/li will form the 
subject of a separate paper. 


TABLE I 
Length and weight data for fish fed on worms. 


Months Length cm Weight g 
Minimum Average Maximum Minimum Average Maximum 


0 == 15 — — 0.04 — 
1 3.1 3:2 3.3 =— 0.6 — 
2 4.6 4.9 Deo — 1g _ 
3 Dail 6.2 6.8 _ 4.1 — 
+ 6.8 Tse} 8.2 — 6.6 —_— 
S: fics, 8.3 8.7 — 9.0 — 
6 8.6 9.2 10.5 = 12.6 = 
7 9.1 9.8 10.9 — 15.0 = 
8 9.5 10.1 Lite —_ ils —_ 
9 9.8 10.3 112 = 16.2 —_ 
10 9.9 10.5 JS bss) —_ 19.2 — 
11 10.0 10.9 12.0 — 20.7 = 
12 10.2 13 12.6 8.3 Danes 25.4 


139 


TABLE II 
Length and weight data for fish fed on liver 


Months Length cm Weight g 
Minimum Average Maximum Minimum Average Maximum 


0) — 15 — _ 0.04 — 
1 PAs 2.9 3.0 — 0.3 — 
2 4.0 4.3 4.6 — Ant a 
3 4.9 Bed 55 — 22, _— 
4 Dall 6.1 6.7 — 3.4 — 
5 6.2 6.7 7.6 — 4.4 — 
6 6.6 ie} 8.0 — 5 — 
i, 6.7 eS 8.7 — 6.2 — 
8 7.0 8.1 9.4 — Tai — 
9 7.0 8.4 9.7 — 8.6 —_ 
10 P 8.9 9.9 —_ 9.9 — 
11 Tiss 9.1 10.0 —_ Nib — 
12 iD 9.4 10.5 6.7 132 18.0 
TABLE III 


Length and weight data for fish fed on beef muscle. 


Months Length cm Weight g 
Minimum Average Maximum Minimum Average Maximum 


0) _ Ms ae = 0.04 
1 2.4 2.2 2.6 = 0.2 — 
2 201 3.0 3.4 —— 0.5 — 
3 Pet 33 4.1 = 0.7 — 
4 2.9 3.6 4.7 = 1.0 —. 
5) 2.9 4.0 5:5 — 1.6 — 
6 Sul 4.5 6.0 = 2.0 — 
ih 3.6 5.0 6.4 == 2.9 — 
8 4.0 25) 7.0 = 33 = 
9 5.0 6.0 7.4 — 4.0 = 
10 5.0 6.1 7.4 a 4.6 = 
11 5.2 6.3 fe! = 4.8 == 
12 5.4 6.6 8.1 3.0 Sach 9.1 
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TABLE IV 


Length and weight data for fish fed on beef muscle for the first five months 
and then on worms. 
ee 


Months Length cm Weight g 
Minimum Average Maximum Minimum Average Maximum 

0 — £5 — = 0.04 = 
1 2.4 25 2.6 — 0.2 — 
2 Zul 3.0 3.4 _ 0.5 — 
3 Peat 333 4.1 —_ 0.7 — 
4 2.9 3.6 4.7 — 1.0 —_ 
5 2.9 4.0 5:5 — 1.6 — 
6 3:5 5.0 6.4 — 3.0 —_— 
fl SD 7.0 Tew —_— 7.0 — 
8 6.0 8.0 9.1 — 10.0 — 
9 6.8 8.9 9.9 — 13.0 — 

10 iPS, 9.4 10.5 — 16.3 — 

11 7.9 9.9 ub baat — 17.4 —_— 

12 8.5 10.6 11.8 18.7 22.0 26.8 


Figures 2 (a) and (b) show the length and weight made over a 
period of twelve months by fish fed exclusively on either Mormyrus 
stomach contents, Tz/apia stomach contents, fillet of Mormyrus or 
fillet of Tilapia. Mormyrus stomach contents consist mainly of 
Chironomid larvae while Ti/apia stomachs contain phytoplankton. 

Mormyrus stomach contents proved to be the best of these four 
foods and fish fed on this food achieved an average length of 9.7cm 
and an average weight of 13.8 g. 

Fish fed on fillet of Mormyrus, fillet of Tilapia and Tilapia sto- 
mach contents all reached a similar size and weight at the end of the 
experiments. Although the group fed on fillet of Mormyrus showed, 
over the first period of six months, the best growth of all four groups, 
they only reached a length of 7.9 cm and weight of 8.8 g. 

Fish fed on fillet of Tilapia developed abnormally and showed 
deformations of the head and tail after the second month, whereas 
fish fed on the three other foods remained in a healthy condition 
throughout the experiments. 

Detailed information with respect to these fish is contained in 
tables V, VI, VII and VIII. 

Figures 3 (a) and (b) show the length and weight made over a 
period of twelve months by fish fed on either B.P.W.C. (a mixture 
of Bemax, prawns, worms and larvae of Chironomus), prawns, 
Daphnia, Spirogyra or Euglena. B.P.W.C. proved to be the best of 
these foods and the fish fed on this mixture achieved an average length 
of 12.3 cm and an average weight of 29.1 g. They were at first fed on 
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Fig. 2 
(a) and (b) Length and weight respectively of T. esculenta fed onMormyrus 


seats contents (MS), Tilapia stomach contents (TS), Mormyrus muscle 
(MM) and Tilapia muscle (TM). 
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TABLE V 
Length and weight data for fish fed on Mormyrus stomach contents 


Months Length cm Weight g 
Minimum Average Maximum Minimum Average Maximum 


0 — 1.5 — — 0.04 — 
1 2:2 2.3 2.4 — 0.2 — 
2 2,6 2.8 3.9 — 0.3 — 
3 3.6 4.0 4.3 —_ 0.9 — 
4 4.1 4.6 5.0 — 1.4 — 
5 4.5 5) Bui) — 2.0 — 
6 55 5.9 6.6 — Shy — 
7 6.3 6.9 7.6 — 4.8 — 
8 6.9 7.7 8.7 _- 6.7 — 
9 hs 8.3 9.4 — 8.5 — 

10 7.4 8.8 9.9 — 9.9 —_ 

11 ed 9.3 10.5 — 12.7 _ 

12 8.0 9.7 11:2 9.6 13.8 22.0 

TABLE VI 


Length and weight data for fish fed on fillet of Tilapia. 


Months Length cm Weight g 
Minimum Average Maximum Minimum Average Maximum 


0 = 1.5 = = 0.04 — 
1 2.4 2.5 2.6 a 0.3 = 
2 2.5 2.9 3.4 -* 0.4 ae 
3 a7 3.4 4.4 == 0.7 ot 
4 3.0 4.0 5.4 = 15 = 
5 3.1 4.6 6.1 = ot = 
6 4.3 55 6.9 oe 3.3 e 
7 5.6 6.3 7.3 = 5.2 = 
8 5.9 6.7 7.8 a 5.4 a 
9 6.0 7.1 8.3 = 7.1 a 
10 6.5 7.5 8.6 = 8.4 at 
11 6.5 VA 8.9 - = 8.4 =e 
12 6.7 7.8 9.1 6.0 9.0 12.7 
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TABLE VII 
Length and weight data for fish fed on fillet of Mormyrus 


Months Length cm Weight g 
Minimum Average Maximum Minimum Average Maximum 


0 —_ iS — _ 0.04 = 
1 2.6 2.8 Bi), _— 0.4 —_ 
z 3.4 3.6 3.8 — 0.9 _ 
3 3.8 4.2 4.5 = 13 —_ 
4 4.2 4.9 52 — RP. _— 
5 ey! 5.6 5.8 — 3.0 = 
6 5.3 6.1 6.6 ce 3.8 _— 
a 5.6 6.4 6.8 —_ 4.4 —= 
8 Spi 6.8 7.4 —_ pt! — 
9 6.0 7.0 Cel — 5.8 — 
10 6.2 7.4 8.1 — 6.6 —= 
iby 6.3 7.6 8.4 = ie — 
12 6.7 7.9 8.9 6.0 8.8 12:2 


Tase VIII 
Length and weight data for fish fed on Tilapia stomach contents. 


Months Length cm Weight g 
Minimum Average Maximum Minimum Average Maximum 


0 — 1.5 — — 0.04 = 
1 21 2.2 235 — 0.2 = 
2; 2) 2.7 3.0 — 0.3 —= 
B° 3D Sai 4.1 —= 0.8 == 
4 35 4.1 4.6 — 1.0 — 
5 3.8 4.4 yl — ils = 
6 4.6 5.2 5.2 — PH | a 
ih D2 5.6 6.1 — 2.6 = 
8 5.6 6.0 6.6 — 3 — 
9 6.1 6.4 hel —_ 4.0 = 
10 6.5 6.9 Till — 4.9 == 
11 12 1&2) 8.5 —_ 6.3 = 
12 7.6 8.1 8.9 7.0 (ol 9.8 
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Fig. 3 
(a) and (b) Length and weight respectively of T. esculenta fed on a mixture of 
Bemax, prawns, worms and Chironomus (B), on prawns (P), Daphnia (D), 
Spirogyra (S) and Euglena (E). 
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Euglena for three months and it can be seen how the growth-rate 
immediately improved after they were fed on B.P.W.C. 

The fish fed on prawns did not grow as well as those fed on B.P. 
W.C. and attained a length of 9.1 cm and a weight of 11.4 g. 

Over the first period of five months the fish fed on Daphnia showed 
the best growth of all four groups. They were then fed on Spirogyra 
with the result that they stopped growing and actually lost weight. At 
the end of the experiment they only reached a length of 7.0 cm and a 
weight of 4.5 g. 

Fish fed on Euglena made very poor growth and only attained a 
length of 5.5 cm and a weight of 2.7 g. 

All four groups appeared to be in a healthy condition throughout 
the experiments, in spite of the fact that those receiving Spirogyra 
and Euglena made such poor growth. 

Detailed information with respect to these fish is contained in 
Tables IX, X, XI and XII. 

Figures 4 (a) and (b) show the length and weight made over a 
period of six months by fish fed exclusively on Bemax and the 
length and weight made over a period of twelve months by fish 
fed on maize meal. Initially Bemax appeared to be the better food; 
fish fed on this product reached a length of 7.0 cm and a weight 
of 5.4 g. in six months but after four months they started to develop 
abnormally and showed deformations of the head and were flabby 
and pale in colour. They showed a high mortality rate and after six 
months all of them had died. 
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Fig. 4 
(a) and (b) Length and weight respectively of T. esculenta fed on Bemax (B) 
and maize meal (M). 
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TABLE IX 


Length and weight data for fish fed on Euglena for 3 months and then on 
Bemax, worms, prawns and larvae of Chironomus. 


Months Length cm Weight g 
Minimum Average Maximum Minimum Average Maximum 


0 = 1.5 = — 0.04 = 
1 2.0 2.0 2.0 — 0.1 — 
2 2.0 2.4 2.6 — 0.2 — 
3 ei a7 3.1 == 0.3 _— 
4 4.5 5.0 5.4 — 2.1 — 
5 6.0 6.5 7.0 — 4.3 — 
6 7.4 8.0 8.8 — (Ae — 
9 8.2 8.9 10.2 — 11.5 — 
8 9.2 10.1 11.6 = 16.2 _— 
9 9.9 11.0 12.9 — 21.8 — 

10 10.6 Thy 13.0 — 25.3 — 

11 10.8 12.0 13.3 _— 27.3 — 

12 11.3 12.3 13.7 20.4 29.1 31.5 

TABLE X 


Length and weight data for fish fed on prawns 


Months Length cm Weight g. 
Minimum Average Maximum Minimum Average Maximum 


0 = 1.5 = — 0.04 = 
1 17 paps 2.4 — 0.2 —_ 
2 2.4 3.0 BES, — 0.3 —_ 
3 3.8 4.2 4.9 — Ll — 
4 4.7 5.1 5.6 = 2.0 — 
5 Ey) 5.6 6.0 —e 2.6 — 
6 5.6 6.2 6.7 — ORs, —_ 
th 5.9 6.4 7.0 — 3.9 — 
8 6.1 6.9 bad —r 4.9 — 
9 6.6 7.6 8.6 — 6.3 — 
10 7.4 8.3 9.4 — 8.5 — 
11 7.4 8.6 9.5 ae 9.3 — 
12 8.1 9.1 9.8 9.1 11.4 14.0 
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TABLE XI 


Length and weight data for fish fed on Daphnia for 5 months and then on 
Spirogyra 


Months Length cm Weight g 
Minimum Average Maximum Minimum Average Maximum 


0 ae 1.5 oe = 0.04 = 
1 24 2.8 3.0 a 0.3 — 
2 3.8 4.2 45 = 12 — 
3 4.8 5.5 5.8 ie a7 = 
4 5.6 6.3 6.8 = 3.6 = 
5 6.3 6.9 7.8 = 4.9 awk 
6 6.3 6.9 7.9 = 4.7 ae 
7 6.3 6.9 7.9 = 45 & 
8 6.3 6.9 7.9 es 4.2 -_ 
9 6.4 6.9 7.9 se 4.2 ad 

10 6.4 6.9 7.9 i 41 =< 
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TABLE XII 
Length and weight data for fish fed on Euglena. 


Months Length cm Weight g 


Minimum Average Maximum Minimum Average Maximum 


0 — UES: — _— 0.04 —= 
1 2.0) 2.0 2.0 — 0.1 — 
2 2.0 2.4 2.6 = 0.2 —_ 
3 Pap) | PAY, 3.0 — 0.3 — 
4 Qe 3.0 3.4 — 0.4 — 
5 Bl 3.9 4.2 — 0.9 = 
6 3.4 4.4 4.9 — 1.4 —= 
7 3.9 4.9 dD —- 1.8 — 
8 4.1 D2 5.8 — 2.3 = 
9 


— — 
ot >) 
bh SS 
ahs 
Or Ui UI | 
> 
AAD 
i) 
ap 
er 

by NN 
yb 
Go 

» | | 


148 


It is of interest to note that T. zi/ii fed exclusively on Bemax for 
a period of 13 months, only reached a length of 7.0 cm and a weight of 
7.7 g. These fish also developed deformations of the head and of the 
tail as well and had a high mortality rate. 

Fish fed on maize meal made very poor growth and only reached a 
length of 4.5 cm and a weight of 1.7 g after twelve months, which is 
the poorest result obtained with any of these foods. After three 
months these fish also developed deformations of the head and tail 
and their eyes became protruberant. 

Detailed information with respect to these fish is contained in 
Tables XIII and XIV. 

Figures 5 (a) and (b) show the growth made over a period of 
eleven months by fish kept in two live boxes floating on the surface of 
the lake and almost submerged. For the first week the young fish 
were kept in the laboratory and fed on Bemax. 
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Fig. 5 
(a) and (b) Length and weight respectively of T. esculenta grown in live boxes 
with jars (B) and without jars (A). 
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TABLE XIII 
Length and weight data for fish fed on Bemax. 


a  ——————————————— 


Months Length cm Weight g 
Minimum Average Maximum Minimum Average Maximum 


0 — 15 — — 0.04 — 
1 OT 3.0 are _ 0.4 
2 3.8 4.1 4.3 — 12 — 
3 4,2 4.9 Lape — 1.8 — 
4 4,4 53 6.0 — ey —- 
5 5.9 6.4 6.9 — 4.0 — 
6 5.9 7.0 8.1 Sh. 5.6 8.1 
TABLE XIV 


Length and weight data for fish fed on maize meal. 


Months Length cm Weight g 


Minimum Average Maximum Minimum Average Maximum 


0 — 15 — = 0.04 — 
1 1.9 1.9 1.9 — 0.1 — 
2 2.0 2.2 2.6 — 0.2 = 
3 2.2 2.5 3.0 _— 0.3 — 
4 2.4 2.8 3.4 = 0.4 — 
5 2.4 3.0 3.6 —_ 0.5 = 
6 2.4 3:3 3.9 _— 0.7 —- 
fi eye 3.8 4.4 _ 0 —_ 
8 ao 4.0 4.6 — 1.1 = 
9 3.4 4.2 4.9 — i he = 
10 hp) 4.3 D2 _— 1.5 — 
11 3.9 4.4 5.2 — 1) — 
12 3.6 4.5 a3 0.7 Lt 2.5 
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Fig. 6 
(a) and (b) Length and weight respectively of T. esculenta grown in small 
aquaria and fed on Bemax, prawns and worms (SI) and on worms alone (S II), 
in large aquaria on BPW (L I) and on worms alone (L II). 
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For the first four months the fish lived together in one live box and 
were then divided into two equal batches; one batch was placed in 
the box which had two glass jars inserted in the bottom, and the 
other batch remained in the orginal box without glass jars. It can 
be seen that between the third and the eighth month of the experi- 
ment a small difference in growth occurred between the two batches. 
Only after the eighth month did the batch that lived in the live box 
with jars show a greater increase in growth; they achieved an average 
length of 7.0 cm and an average weight of 5.7 g. whereas the fishgrown 
in the box without jars reached a length of 6.0 cm and weight of 3.8 g 
at the end of the experiments. _ 

Although many of the fish were attacked by a fungoid growth, 
especially those living in the live box with jars, both batches remained 
in a healthy condition throughout the experiment and the infection 
disappeared as the fish grew older. 

Tables XV and XVI record detailed information on these fish, 
but the final weight of the smallest and largest individuals is not 
recorded as both live boxes were stolen after the eleventh month. 

Figures 6 (a) and (b) and Tables XVII, XVIII, XIX and XX show 
the growth made over a period of twelve months by fish fed exclusi- 
vely on either P.B.W. (a mixture of Bemax, prawns and worms) 
or worms alone. These figures and tables also show the different 
growth-rate for fish grown in small aquaria under crowded conditions 
and the same number of fish grown in larger aquaria. The fish fed 
on B.P.W. and grown in a small aquarium achieved an average length 
of 12.3 cm and an average weight of 27.5 g. Fish fed on the same 
food but grown in a large aquarium made relatively poor growth and 
attained a length of only 10.1 cm and a weight of 15.5 g. 

The fish fed on worms and grown in a small aquarium did not 
grow as well as those fed on B.P.W. in the same size of aquarium, 
but they did better than the fish fed on B.P.W. grown in a large 
aquarium. The batch fed on worms and transferred after two months 
to the larger aquarium showed some increase in growth during the 
first three months after they were transferred, but later their growth- 
rate declined. 

All four groups remained in a healthy condition throughout the 
experiments; clearly growth was better in the small aquaria. 

Figures 7 (a) and (b) and Tables XXI and XXII show the 
growth made over a period of nine months by T. esculenta and T. 
variabilis. Both species were fed on a mixture of prawns, worms, 
Bemax and Daphnia. As explained above they were kept in adjacent 
aquaria where the temperature and light intensity were identical. 
As can be seen both species grew equally well over the first month but 
after that 7. esculenta grew better and by the end of the experiment 
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TABLE XV 
Length and weight data for fish fed on naturel food in a live box with jars. 


Months Length cm Weight g 


Minimum Average Maximum Minimum Average Maximum 


0 _— 15 — — 0.04 — 
1 1.7 PR 25 — 0.1 — 
2 2h) 223) en — 0.2 — 
S 2.2 25 30) — 0.2 — 
4 2D 2.6 3.5 — 0.3 — 
b 2.4 3.0 3.8 — 0.4 — 
6 25 33 4.4 — 0.6 — 
7 2.6 3.8 5.4 — 0.9 — 
8 3 4.6 6.9 — 1.8 — 
9 322 Sev, ded — 3.4 — 
10 4.0 6.2 8.9 — 4,5 — 
11 4.6 6.9 9.5 — SB — 
TABLE XVI 


Length and weight data for fish fed on natural food in a live box without jars. 


Months Length cm Weight g 


Minimum Average Maximum Minimum Average Maximum 


—_ 13 == = 0.04 _ 


0 

1 Lol, 2.1 2.5 — 0.1 —_ 
2 2s 2.3 PRT — 0.2 —_— 
3 2.2 2.5 | _— 0.2 — 
4 2:2 2.6 She) = 0.3 —_ 
5 25 2.8 3.4 _ 0.3 —_ 
6 PS Gis) 4.7 —_ 0.7 —_— 
"i oy 4.3 6.5 = 1.5 — 
8 3.6 af We — PAD —_ 
9 4.0 5.6 Tet — 2.8 —_— 
10 4.1 5.7 8.0 _ 3.2 — 
11 4.5 6.0 8.4 — 3.8 — 
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TasLeE XVII 


Length and weight data for fish fed on Bemax, prawns and worms in a small 
aquarium. 


Months Length cm Weight ¢ 
Minimum Average Maximum Minimum Average Maximum 


0) a 15 — 0.04 cee 
1 3.8 4,2 4.9 _ 134 = 
2, 5.4 6.4 he — 4.4 — 
5 6.5 fe 8.7 — TA —- 
4 8.2 8.8 9.3 — 10.0 — 
5 9.1 10.0 10.6 — 14.7 — 
6 10.0 10.9 uy — 20.3 — 
7 10.6 11.4 1254 a 222 a 
8 ileal 11.7 ao — 24.0 — 
9 2 11.8 12.2 — 25.5 — 

10 11.3 11.9 WAS: a 26.2 — 

11 17 1222 12.4 —: 26.6 — 

12 122 ips) 12.6 20.7 21S 29.4 

TABLE XVIII 


Length and weight data for fish fed on Bemax, prawns, and worms in a large 
aquarium. 


Months Length cm Weight g¢ 
Minimum Average Maximum Minimum Average Maximum 


0 — 1a —_ —_ 0.04 a 
1 4.0 4.3 4.2 ae 1.4 —- 
2 5.4 5.9 6.6 — 3.6 —= 
2 6.0 6.6 7.6 _ 4.6 — 
4 6.5 7.2 8.1 — 5.6 — 
5 6.9 7.8 9.0 — 7.4 — 
6 ta) 8.4 9.7 — 8.6 — 
i hel 8.8 10.2 — 10.0 — 
8 8.2 9.5 11.0 —_ 12.6 = 
9 8.2 9.6 11.2 _ 13.3 = 
10 8.2 9.8 15 — 13.5 = 
11 8.3 9.9 11.8 _ 14.5 — 
12 9.0 10.1 11.8 12.0 155 21.0 
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TABLE XIX 
Length and weight data for fish fed on worms in a small aquarium. 


Months Lenth cm Weight g 


Minimum Average Maximum Minimum Average Maximum 


0 —- Ves) — — 0.04 — 
] al B32 Bh —_ 0.6 — 
2 4.6 4.9 53 — 1.9 — 
3) ari 6.2 6.8 _ 4.1 — 
4 6.8 LS 8.2 _ 6.6 — 
5 15 8.3 8.7 — 9.0 — 
6 8.6 9.2 10.5 — 12.6 — 
6) 9.1 9.8 10.9 — 15.0 — 
8 9.5 10.1 1 hy bea — 15.7 — 
9 9.8 10.3 112 — 16.2 — 

10 9.9 10.5 LS _ 19.2 —_ 

11 10.0 10.9 12.0 _ 20.7 — 

12 10.2 1s: 12.6 8.3 222 25.4 

TABLE XX 


Length and weight data for fish fed on worms grown in a small aquarium for 2 
_ months and then transferred to a large aquarium for the remainnig ten months, 


Months Length cm Weight g 
Minimum Average Maximum Minimum Average Maximum 


0 — 1.5 — = 0.04 _— 
1 eal! 3.2 3 = 0.6 — 
2 4.6 4.9 33 — 1.9 —_ 
3 6.3 6.7 6.9 — 2.2 —_ 
4 7.4 7.8 8.4 == 8.1 _— 
5 8.0 8.5 1 — 9.4 — 
6 8.1 8.9 9.5 — 10.5 _ 
7 8.1 9.0 9.7 — 10.8 —_ 
8 8.1 9.3 10.4 —_ 11.9 = 
9 8.8 9.8 11.2 — 1o.3 _— 
10 8.9 9.9 11.2 —_ 14,1 = 
11 8.9 10.0 pS — 14.1 = 
12 9.0 10.3 1tS 8.3 1552 19.8 
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TABLE XXI 


Length and weight data for T. esculenta fed on prawns, worms, Bemax and 
Daphnia 
ee ——————— ———————————————— 


Months Length cm Weight g 
Minimum Average Maximum Minimum Average Maximum 


0 — LS _— _— 0.04 — 
i 3.0 3.7 3.9 ae 0.8 — 
2 5.5 5.8 6.6 —_ 3.0 —_ 
3 U3 7.4 13 _ 6.5 —_— 
4 8.0 8.1 8.2 = 8.3 ee 
5 8.7 8.7 8.7 _ 10.4 — 
6 9.2 9.3 9.3 —_ 12.5 —_ 
7 9.9 10.0 10.1 _— 15.0 —_— 
8 10.2 10.5 10.8 — 18.3 — 
9 nip eS) 11.3 11.3 _— 23.4, — 
TABLE XXII 
Length and weight data for T. variabilis fed on prawns, worms, Bemax and 
Daphnia. 
Months Length cm Weight g 


Minimum Average Maximum Minimum Average Maximum 


0 = 13 — _ 0.04 — 
1 oye: ONS Ost —_ 0.7 — 
2 4.1 4.5 5.0 — 2.0 — 
3 6.0 6.2 6.4 _ 3.6 — 
4 6.4 6.6 6.9 — 4.5 — 
5 6.6 6.8 ff —_ 4.8 — 
6 6.7 6.9 1.2 _— 4.9 —_ 
7 7.0 hoz 7.6 _— 5.8 — 
8 (ler 7.6 8.0 — 6.7 — 
9 ee 7.8 8.0 — rel = 
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TABLE XXIII 


Summary of data on the average weight and length attained by T. esculenta 
after twelve months on different foods. 


Food 


Weight and length 


after 12 months 


Condition 
factor 


$$ ___——_—_— 


3 months on Euglena, followed by 9 
months on Bemax, prawns, worms and 
larvae of Chironomus 

Worms 


5 months on beef muscle, followed by 7 
months on worms 


Mormyrus stomach contents 
Liver 

Prawns 

ilespia muscle 

Mormyrus musche 

Tilapia stomach contents 


Fed on natural food for 11 months in 
live box with jars 


Beef muscle 


Fed on natural food for 11 months in 
live box without jars 


Euglena 


Maize meal 


g cm 
29.1 12.3 
22.2 113 
22.0 10.6 
13.8 9.7 
12.8 9.4 
11.4 9.1 

9.0 7.8 

8.8 79 

77 8.1 

5.7 7.0 

5.3 6.6 

3.8 6.0 

2:7 5.5 

Vz 4.5 
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MON TH S 


Fig. 7 
(a) and (b) Length and weight respectively of T. esculenta (E) and T. variabilis 
(V) grown under identical conditions and fed on Bemax, prawns and worms. 
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their average length was 11.3 cm and their average weight was 23.7 
g, whereas the T. variabilis made comparatively poor growth and 
only attained a length of 7.8 cm and a weight of 7.7 g. Both species 
remained in a healthy condition. 

Table XXIII summarizes much of the information derived from 
_ these experiments. Results from fish whose diet was changed during 
the course of the months are excluded from the table. Comparison 
can be readily be made between the final length and weight achieved 
on all the foods tested. 


The condition factor ” for these fish is recorded in the last 


column, but it is uncertain whether any conclusions can at present 
be drawn from these values. However, it is intended to consider the 
significance of condition factors in later studies. 


SUMMARY AND CONCLUSIONS 


The relative value of several foods were tested by feeding them to 

Tilapia esculenta fry, all of which were reared from a single batch of 
eggs. 
The best growth was achieved when the fish were given a mixed 
diet, but certain whole organisms gave nearly as good results. Fish 
fed exclusively on oligochaete worms grew almost as well as fish 
fed on a more elaborate diet. For most practical purposes it may be 
concluded that these worms provide all the essential requirements for 
_ good growth; doubtless this is due partly to the fact that their gut 
contents provide any elements that may be lacking in the tissues of 
the worms themselves. Further experiments on the effect of tempera- 
ture and light intensity will be carried out using fish fed mainly on 
worms. 

Fish fed exclusively on certain animal tissues such as beef and 
Tilapia muscle did not grow well and developed abnormally. It is 
interesting to note that while a similar rate of growth was made by 
fish fed on Mormyrus muscle they developed normally. 

A diet composed of algae, including diatoms which are the princi- 
pal natural food of Tilapia, did not give as good results as a diet 
containing a high proportion of animal protein. 

Fish reared in live boxes did not grow nearly as well as fish fed on 
several of the foods tested under laboratory conditions. 

Highly farinaceous foods such as Bemax and maize meal gave poor 
results. 

Some preliminary studies on the effect of crowding indicated that 
a high population density need not have any deleterious effect on 
the growth-rate. 
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It was found that when grown under identical conditions T. escu- 
lenta grew at approximately three times the rate shown by T. 
variabilis. 


APPENDIX 
Cultural methods for growing organisms used as food 


(1) Daphnia magna STRAUSS. 

A small teaspoonful of dry winter eggs were sprinkled over the 
surface of a litre of water contained in a two-litre beaker. The beaker 
was left out of doors in partial shade. After about ten days the young 
Daphnia started to hatch, they were then transferred to large enamel 
baths kept out of doors. 

The water in these baths was about fifty centimetres deep and was 
fertilized by adding boiled lake mud. Owing to the peculair compo- 
sition of this mud, boiling facilitates the subsequent decomposition 
of the organic matter contained in it. Unboiled mud will not act as a 
fertilizer. 

Sufficient boiled mud was added to form a layer at the bottom 


three centimetres deep. The water gradually turned green and algal — 


production reached a peak value in about ten days and then the water 
began to clear. The young Daphnia were added at this stage. If they 
were added before the water cleared, they did not become established. 

Daphnia were also grown successfully in the laboratory in glass 
aquaria after the water had been fertilized by the addition of boiled 
lake mud. 

Attempts to culture Daphnia in galvanized iron baths were unsuc- 
cessful. . 
(ii) Euglena sp. 

The filtrate obtained from boiled mud was diluted with three times 
the amount of lake water. This mixture was innoculated with Euglena 


and the culture grown in shallow enamel dishes left out of doors but — 


protected from rain. 


(iii) Chironomus pulcher WIEDEMAN 

The larvae of Chironomus grew well in the Euglena cultures, but 
better results were obtained when these larvae were grown in glass 
bowls half filled with water fertilized with leaves and a small amount 
of boiled mud. These bowls were left out in the open. The larvae 
took sixteen days to develop from egg to adult. 
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The comparative activity of some 
digestive enzymes in the alimentary 
canal of Tilapia and Perch 
by 
G. R. Fisu*) 


Fish Culture Research Station, Malacca, Malaya. 


INTRODUCTION 


\esearch on the growth rate of fish has been greatly stimulated by 
increasing interest shown all over the world in fish culture. As 
wth is intimately bound up with food supply and as most of the 
tured are herbivorous, much has been published on the effect 
anic and inorganic fertilizers on aquatic vegetation (see 
RTIMER, 1954, SCHAPERCLAUS, 1933). A few data are also avaible 


r type of plankton or vegetation (ALIKUNHI et al., 1955, 
ILLO & DE Jesus, 1957). Such data are few not only because 
he intrinsic difficulties of these studies but also because their 
portance can not always be appreciated. It is often assumed | 
at what is ingested is also digested but this is not always the case. 
metimes the actual food of the fish may be distinguished, by 
ual examination or by chemical analysis (FisH, 1955), from 
e indigestible material that has also been ingested. Frequently, 
however, this is not possible and so data regarding the properties of 
the digestive enzymes secreted into the alimentary canal are likely 
to be of considerable value. A recent summary of this aspect of the 
literature has been made by BARRINGTON (1954). 


*) Present address: Marine Dept. Wellington, New Zealand. 
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MATERIAL 


Preliminary data are presented here regarding the distribution 
of certain digestive enzymes in the alimentary canal of Perca fluvia- 
tilis (CuviER) and Tilapia mossambica (Peters). In some cases, com- 
parisons have been made using Zoarces viviparus, Salmo truta, 
Tinca tinca and. Ctenopharyngodon idellus. Much of the work was 
done at the Zoological Department, Nottingham University; it was 
completed at the Fish Culture Research Station, Malacca, where 
large numbers of Tilapia are cultured. Except for these tropical — 
fish, all specimens were obtained as required from stocks kept by the _ 
University. Some Tilapia were given by the Zoological Society, — 
London, and the Grass carp (Ctenopharyngodon) were imported 
from Hongkong via Singapore. These two species were kept in 
Nottingham at a temperature of 24°C. The Tilapia were fed on 
bemax together with small amounts of ox liver and spleen and the ~ 
carp on lettuce only. 


METHODS ee 
ee 

The fish were killed by electrocution (FisH, 1959) and the alias 
mentary canal was removed as quickly as possible and cooled in an 
ice bath. The mesenteric and fatty tissue investing the gut were — 
carefully dissected away. On occasions, the free ends of the alimenta- 
ry canal were then ligatured and the whole immersed in Bouin’s 
fixative for a few seconds in order to destroy any extraneous enzyme 
containing tissue adhering to the outer walls of the gut. The surplus 
fixative was washed away in running water. The gut was separated 
into four regions: the stomach, the caeca, the upper intestine, which 
consisted of the first loop following the stomach or caeca, and which 
is characterised by its greater diameter compared with the lower 
intestine, which composed the remainder of the gut including the 
rectum. Each region was slit open, any contents washed out and the _ 
inner surfaces gently brushed under a stream of water. The surplus | 
liquid was removed with filter paper and the mucosa carefully i 
scraped off. These scrapings were ground with acetone in a hand | 
tissue-grinder and the suspension evaporated to dryness under 
reduced pressure. The mesenteric and fatty tissues were treated in 
a similar way but were also washed with n-butanol and acetone 
before drying in order to remove most of the fats. 

The amount of extracting fluid was regulated according to the 
weight of the dried tissues available in any one experiment. Usually 
the proportion was 1 ml to 5 mg. For most experiments the tissues 
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were extraced with 0.1 M phosphate solutions buffered at pH 7.0. 
Distilled Water Was used, however, when digestion in acid media 
was investigated. The tissues were extracted for a period of about 
17 hours at a temperature near o°C. After centrifuging, the super- 
natant solutions were tested for enzyme activity by incubating them 
with a suitable substrate for 2 hours at a temperature of 24°C and 
then measuring the degree of breakdown of the substrate. 

Colorimetric methods were used to estimate the concentration of 
certain products of the digestion of substrates exposed to enzyme 
action. Amylase estimations were made using the method described 
by NoELTING et al. (1948). Proteolytic enzymes were estimated ac- 
cording to ANSON (1938) with Difco haemoglobin as the substrate. 

The pH of the small quantities of liquid available was usually 
measured by means of a Stadie electrode. When the liquid volumes 
were very small or when the pH in the stomach of a living fish was 
measured, an insulated platinium electrode was used, coated with 
quinhydrone, together with a calomel electrode extended by a salt 
bridge (FisH, 1956). 

Qualitative indications of acid production in the stomach were 
obtained by introducing small volumes of mixed ferrocyanidé and 
ferric ammonium Citrate solutions into the stomach with a fine glass 
pipette. Injection of these solutions into the body cavity was found 
to be unsatisfactory. The solutions were made up according to 
FitzGERALD (1911). 

A quantitative estimation of the acid produced by the stomach 
‘over a period of 24 hours was made by measuring the loss in weight 
of marble chips inserted into the stomach. 


RESULTS 


Amylase: The results for perch are shown in figure 1. They 
indicate that amyloclastic activity is limited to the extract from the 
mesenteric and fatty tissue investing the gut. The reaction of the 
extracts from the tissues lining the alimentary canal were, in all 
experiments, close to that found for the substrate control. All the 
evidence collected here clearly shows that the only source of amylase 
digestive enzymes in perch is from the connective tissues investing 
the gut which contain the diffuse pancreas. 

The situation for Tilapia, see figure 2, is rather more complex than 
that found in the perch. All the tissue extracts showed a certain 
amount of activity. In one experiment, an effort was made to collect 
material from the buccal cavity. Although the tissue scrapings from 
several fish were pooled only a small amount could be obtained. 
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Figure 1. The relative activity of enzymes extracted from the gut of Perch. 
The estimations are colorimetric using a Spekker absorptiometer and colour 


filters, peas red (amino acid estimation) and Blue green (reducing sugar | 


é estimation). 


Figure 2, The relative activity of enzymes extracted from the gut of Tilapia 
mossambica. 
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| its source ch and was detected in the mouth 
as a result of regurgitation. I ms likely, in any case, that digestive 
processes initiated in the buccal cavity will be unimportant in view 
of the very small amounts of tissue probably involved (approx. 2 
mg per adult fish) compared with that usually obtained from the 
other parts of the alimentary canal (approx. 20 mg per adult fish). 
The result is included in figure 2 because it is an interesting although 
perhaps, an insignificant piece of data. The experimental evidence 
supports the view that secretions from the pancreatic tissue and 
those from the anterior intestine are of primary importance in car- 
bohydrate digestion. s 


Other carbohydrate enzymes! in Tilapia. 

Experiments were made to determine whether any increase in 
reducing sugars occurred as a result of adding tissue extracts from 
Tilapia to cellulose, cellobiose, dextrin and salicin. All gave a nega- 
tive result. Direct observation of gut contents of Tilapia in Africa 
and Malaya showed however, that certain species of Blue Green 
‘algae (Spirulina and Anabaenopsis) are digested. According to the 
review on algae by FRITscH (1945), cell sheaths of Myxophyceae 
are very variable in their chemical composition but are often com- 
posed largely of pectic substances. An attempt was therefore made 
to determine whether pectinesterase (pectase) or polygalacturonase 
was present in 7i/apia using methods recommended by KERTESZ 

. (1955). 

A positive result was obtained in one instance for pectinesterase in 
the stomach extract but this could not be confirmed in subsequent 
experiments and no polygalacturonase was detected at all. An active 
preparation of pectinesterase was obtained in the supernatant de- 
rived from centrifuging a salt extract from whole tomatoes. It was 
noticed that, in experiments involving combinations of the various 
Tilapia tissue extracts and of tomato, a marked increase in viscosity 
occurred in certain tubes. Subsequent experiments established that 
at pH 4.0, pectin solution would gel first in tubes containing tomato 
and stomach extracts (35 mins.) and later in tubes containing tomato 
and mesenteric or intestinal extracts (80 mins.). Gel formation oc- 
curred after a relatively long period (12 hours) using only tomato 
extract and not at all using any of the Ti/apia tissue extracts alone. 
These gels were all readily dissolved by alkali. 

_ The conversion of pectin or pectinic acid to pectic acid, as indica- 
ted by the setting of the solution to a gel is noted by ONsLow (1931) 
as being catalysed by pectase, an enzyme widely distributed in 
plants. The above results show that although the enzyme as such, is 
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probably not present in secretions from the Ti/apia gut, it is possible 
that these secretions, especially those from the stomach, may inter- 
act with plant tissues in such a way as to promote the formation of 
pectic acid from suitable substrates. Such pectic acid would, if 
formed in the stomach, be dissolved subsequently as a result of the 
rise in pH that occurs in the intestine. 

Unfortunately, the difficulties involved in separating the digestible 
Blue Green algal constituent from a mixed plankton have so far 
precluded the collection of sufficient amounts of this material for 
analysis and direct investigation of the conditions under which it is 
digested in Tilapia. ; 

Protease in Acid Media: Results, using material from 
the perch, show that the extract from the stomach has a far higher 
capacity for digesting haemoglobin at a low pH than that from any 
other tissue. Several experiments have been completed and the data 
all favour the view that the stomach is the main seat of production 
and activity of pepsin-like enzymes in this species. However, ex- 
tracts from the caeca usually showed considerable activity. In one 
experiment, it was noted that the extract made from the lining of the 
anterior part of the intestine showed a positive protease action. How- 
ever, the activity of extracts from these tissues was variable and so 
it is likely that such reactions were caused as a result of the absorption 
of enzymes from elsewhere by the walls of the alimentary canal. 

In Tilapia, as in perch, a far more active preparation was obtained 
from the stomach than from the other tissues examined. In fact, 
little evidence was obtained of any activity at all from the extracts 
from the rest of the gut. It seems likely that the vigorous flow of 
mucus, produced by the feeding mechanism found in these fish 
(GREENWOOD, 1954), may tend to reduce the absorption of enzymes 
on the wall of the gut. 

Protease in alkaline media: The most active extract 
obtained from the perch was that from the mesenteric tissues. Al- 
though the stomach extract always showed only slight activity, those 
from the caeca and intestine frequently had an effect on the substrate 
approaching that of the mesenteric extract. This was particularly 
marked in the extract from the posterior part of the intestine. The 
activity here was found to be greater than that obtained using extracts 
from the caeca and anterior intestine. These data do not favour 
the view that the enzyme activity found here is a result merely of 
absorption of pancreatic secretions, although absorption would 
account for the results obtained from the caeca and anterior intestine. 

From the point of view of protein digestion, no evidence was 
found to show that enzyme material in the extracts required acti- 
vation by substances contained in extracts from tissues in the other 
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regions of the gut, for the digestive capacity of the various extracts 
was not increased by mixing them in various combinations. 

In Tilapia, as in perch, very active enzyme preparations were 
obtained from the mesenteric tissues as compared with those from 
the other tissues. Extracts from stomach tissues had negligible di- 
gestive action on the substrate but those from the intestine were 
rather more active. However, no tendency was found for such 
activity to increase in the posterior part of the intestine, as was found 
in the perch. 

Comparisons of protease activity between 
the species: Tissue extracts were made from Ji/apiaand perch. 
As far as possible, all the operations, i.e. killing the specimens, prepa- 
ring the tissues, etc., were carried out at the same time. Similar weights 
of the final dried products were extracted and measurements of protein 
digestive capacity were made simultaneously using the same sub- 
strate. The results are shown in figure 3. 
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Figure 3. A comparison of the activity of protease enzymes extracted from the 
gut of Tilapia (T) and perch (P). 


Most of the differences between the two species, appear to be 
relatively minor. A slightly less active gastric preparation was ob- 
tained from Tilapia. The extracts from the mesenteries and the upper 
intestine showed similar activity as did those from the lower intestine 
when tested in acid media. A major difference however, was found 
when the two extracts from the lower intestine were tested at a 
neutral pH. That from the perch is many times more active than 
that from Tilapia. 
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pH activation of enzymes: Data are presented here, 
see figure 4, concerning pH in respect to the gastric and mesenteric 
proteases of Tilapia and perch together with the gastric protease of 
brown trout which served as a standard. A uniform substrate was 
used in these experiments but the different tissues extracted were not 
accurately weighed. 


Figure 4. The activity of protease enzymes extracted from the gut of Tilapia 

(solid line), Perch (broken line) and Brown Trout (dotted line) plotted against 

the pH of the substrate. Extracts from the stomach mucosa show greatest 

activity below pH 4.0 and those from the intestinal mucosa show greatest 
activity above pH 6.0. 


The evidence from these experiments show that, for gastric en- 
zymes, there is unlikely to be any digestion above a pH of 4.0 and 
that the optimum pH is around 2.0. Pepsin has been found in the 
perch to have an optimum activity between pH 1.65—1.8 (HykEs 
et al., 1934) and a pH optimum near 2.0 has been found in many 
animals, including fish (VONK, 1941). There seems little doubt that 
a pepsin is secreted in the stomach of Ti/apia and perch. The enzymes 
from the mesenteries of these fish appear to work most efficiently 
at a pH above 7.0, indicating the presence of a trypsin-like enzyme. 

Similar data have been collected for amylase secretions in Tilapia, 
see figure 5. It is clear that the enzymes extracted from the different 
parts of the alimentary canal are closely related and probably identi- 
cal. The data concerning the stomach tissues are of interest for 
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activity is greatly reduced below a pH of 6.0. There would seem to be 
little opportunity, under natural conditions, for any considerable 
digestion by this enzyme to proceed in the stomach. 

pH of contents of the alimentary canal: The 
pH of the gut in specimens killed for further examination was usually 
noted using test papers. The intestinal contents were always found 
to be alkaline in both perch and Tilapia. More precise readings were 
obtained using a pH meter from 17 Tilapia taken from two ponds. 
The pH in the intestinal loop immediately following the stomach 
did not vary by more than 0.2 units from that in the following loop 
and, in all, the readings lay between 8.0 and 8.8. 
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Figure 5. The activity of amylase enzymes from the stomach (solid line), 
mesenteric tissues (broken line), anterior intestine (broken and dotted line) 
and posterior intestine (dotted line) of Tilapia mossambica. 


The pH of the perch stomach contents was usually between 3.0 
and 5.0. The higher pH was found during the winter when the water 
was very cold. Several experiments were made in which the pH of 
the stomach contents of individual fish was measured at intervals 
after food had been ingested. The stomach pH of unfed brown trout 
and perch was occasionally as high as 5.2, but dropped four to five 
hours after feeding to values between 2.5 and 3.5. Tench and Grass 
carp are both stomachless species i.e. the cystic duct enters the gut at 
the distal end of the oesophagus. In these fish, the pH of the anterior 
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part of the gut was found to vary little, lying between 7.4 and 8.0, 
regardless of the presence of food. In the case of Zoarces and Tilapia, 
the pH of the empty stomach was often near 7.0. After the introduc- 
tion of food into the stomach, the pH changed, sometimes rising to 
7.5 or falling to around 5.0. Lower readings were not obtained in 
these species from specimens collected in the United Kingdom. 

Such values were unexpected in the case of Tilapia, and a more 
extensive survey was carried out in Malaya where large numbers of 
these fish are readily available. Some hundreds of fish were examined. 
During the early part of this survey, the fish were captured and 
stored in aquaria for a few days until it was convenient to examine 
them. In the large majority of cases, the stomach pH was around 
neutral unless the fish were below a length of 7 cm when the pH was 
below 4.0 and usually below 3.0. Subsequently, the fish were always 
tested within an hour or two of being captured from the pond. Un- 
der these conditions, the pH of the stomach in all fish, was usually 
low, rarely being above 4.0 and frequently being below 2.0 with the 
majority of the readings lying between pH 2.0 and 3.0. 

Fish kept in clean aerated water for two months without food, had, 
when examined, a stomach pH from 5.3 to 6.9. Starvation, not un- 
naturally, led to a marked reduction in acid secretion. Whether this 
can account for the high gastric pH values found in fish stored for 
only a few days is doubtful. It seems more likely that acid secretion 
is under nervous control and the data above suggest that the produc- 
tion of gastric acid by Tilapiais likely to be an indication, at least 
in the older fish, of the degree of stress to which the fish is 
subject. This leads, of course, to the possibility that in captivity or 
under stress due to an unfavourable environment (e.g. unsuitable 
pond conditions) gastric digestion of proteins may be limited even 
though adequate food is ingested and this would tend to reduce the 
growth rate. Such a reduction is often found under these conditions 
but, so far, it has not been possible to estimate the importance of 
gastric digestion of protein in the growth of these fish which are 
mainly herbivorous in their natural environment. 

Qualitative evidence as to the amount of acid produced by fish, was 
sought using potassium ferrocyanide and ferric ammonium citrate 
which react with hydrochloric acid to produce a voluminous precipi- 
tate of Prussian Blue. The mixed reagents were pipetted into the 
stomach via the mouth. After a period of about 4 hours, the fish were 
killed and the gut inspected. 

Precipitation of Prussian Blue in the perch was limited to the 
stomach and was not found in any other part of the gut. Evidence 
that the reagents were present throughout was obtained by irrigating 
the inner surface of the rectum with dilute hydrochloric acid. A 
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_ clearly visible precipitation of Prussian Blue was obtained. It seems, 
therefore, that acid is produced in the stomach of the perch and not 
elsewhere in the gut. 

A similar experiment was performed using the minnow. On 
examining the inner surface of the gut, no blue coloration could be 
seen but it developed when dilute hydrochloric acid was dropped on 
the tissues. This fish is stomachless and so it is probable that its 
digestion is wholly alkaline. 

Difficulties were encountered when using this technique on Tilapia. 
Negative results were usually obtained from fish confined for a period 
in aquaria and positive results were usually obtained from fish collected 
from a pond. On occasions, however, no precipitate was obtained and 
no reagents detected in the alimentary canal. Conclusive evidence 
has not been collected but there were indications that the reagents 
may be rapidly rejected for acidified faecal material turned blue. 

An attempt was made to estimate the amount of acid secreted 
over a period of 24 hours by measuring the decomposition of car- 
bonate. 

Marble was selected as a suitable carbonate for it is virtually 
insoluble in water and is sufficiently hard to be unaffected by any 
grinding action of the stomach walls. Small, accurately weighed frag- 
ments, which had been rounded on a grindstone and thorougly 
washed, were gently inserted into the mouth and guided through 
the oesophagous into the stomach using a glass rod. After a period 
of 24 hours the fish was killed, the fragments recovered and re- 
_weighed. The carbon dioxide produced as a result of the action of the 
acid upon the carbonate, usually caused some distension of the 
intestine. Although the gas was not estimated quantatively, its 
presence was a useful indication that there had been some chemical 
reaction between the carbonate and acid. 

Positive results were obtained using this method on specimens of 
perch. In one experiment, a loss of 8.5 mg of carbonate was recorded 
and the presence of CO, was noted in the intestine. This result 
indicated that up to 6.2 mg hydrochloric acid was produced by the 
fish during the 24 hours of the experiment. On another occasion, two 
marble fragments were inserted. The larger of the two lost 5.6 mg 
in 24 hours, equivalent to a production of 4.08 mg hydrochloric acid 
and gas was noted in the intestine. The smaller fragment was re- 
covered from the alimentary canal very close to the rectum. On 
being weighed, it was found that there had been a negliglibe loss in 
weight of Jess than 0.5 mg. It seems unlikely that this fragment could 
have remained in the stomach for very long. This result is of interest 
for it indicates that the prime cause of the loss in weight that occurs 
from these marble chips is stomach acidity. 
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Much variability, however, was found in the results from these 
experiments. Perch which had been starved for some weeks often 
gave evidence of little gastric acidity. It was found that the addition 
of salt to the water stimulated acid production only to a slight extent. 
However, when a small amount of salt solution was pipetted into the 
stomach a few hours before the insertion of the carbonate, acid pro- 
duction during the following 24 hours caused a loss in weight of the 
fragment of up to 8.0 mg. These experiments indicate the likelihood 
that chloride is absorbed much more rapidly from the gut contents 
than from the external environment of the fish and that, after a 
period of fasting, chloride may have to be absorbed before gastric 
secretion of acid is possible. 

Similar experiments yielded negative results when using Zoarces. 
When using Tilapia from aquaria, the maximum loss in weight 
recorded was 1.2 mg (1 mg HCl.). Difficulties were encountered 
when working with Tilapia owing to the ease with which they seemed 
able to regurgitate any material inserted into their stomachs. As a 
result, although many experiments were made, relatively few gave 
results. The following results were collected from only 20 specimens. 
On the whole, they are similar to those using perch. Fish, kept 
previously for a few weeks in a concrete aquarium, decomposed car- 
bonate to the extent of 0.12—0.19 mg/g of fish, in one day. Insuffi- 
cient data were collected to relate size and acid production but the 
indications were that the smaller fish produced relatively greater 
amounts of acid. An increased carbonate loss of up to 0.5 mg/g of 
fish was obtained when a small amount (1 ml) of salt solution (10 % 
NaCl) was gently injected into the stomach. Fish, kept in a large 
live box in a pond, lost from 0.24 to 0.42 mg/g daily. It is possible 
that less stress was imposed on the fish in the pond and therefore 
acid production was less restricted as compared to aquarium fish. 


DISCUSSION 


The data presented here support the view taken by many workers 
(e.g. see BARRINGTON, 1954) that the nature and relative activity of 
digestive enzymes present in fish can be correlated with the nature 
of the food normally taken. 
Amylase enzymes are present in both perch and Tilapia. Tilapia, 
in its natural habitat, is predominately herbivorous and amylase was 
detected throughout the alimentary canal with a tendency to in- 
crease in amount in the anterior part of the intestine. The presence 
of an amylase in the stomach tissues is unusual and it is possible that 
it occurs there as a result of absorption of intestinal enzymes on the 
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gastric mucosa. However, there was no evidence that other enzymes 
from the intestine are found in these tissues in Tilapia. A brief 
survey was made of the enzymes present in the alimentary canal of 
Zoarces viviparus, using similar techniques. Although amylase was 
found in the intestine immediately following the stomach, only very 
slight activity was detected in the stomach tissues. These results are 
similar to those of MacKay (1929) using Zoarces anguillaris. It 
seems unlikely therefore, that the present technique allowed serious 
contamination of one tissue with another. It is of interest, in this 
connection to note that carbohydrases have also been detected in the 
stomach of Mugil (IsHipa, 1955). There seems little evidence in 
the literature of the production of digestive carbohydrases from the 
alimentary canal anterior to the stomach. Slight activity from ex- 
tracts of these tissues was found by AL HussaInt (1949) in three 
freshwater fish but he doubted whether this had any digestive signi- 
ficance. SARBAHI (1951), during the course of other investigations, 
found recamose glands in the mucosa of the oesophagus of Labeo 
spp. and suggested that these might be concerned with the produc- 
tion of carbohydrase. Although he collected no further data in sup- 
port of this suggestion, the present finding of amylase in the buccal 
cavity in Tilapia is of interest in this connection. However, the 
actual amounts of buccal amylase found were small and no evidence 
was discovered to suggest that the amylase in the Ti/apia stomach 
‘is not secreted there. ; 

Many amylases have a wide pH range over which they are active, 
-according to BERNFELD (1955), but no previous records of gastric 
amylase have been found for fish which secrete gastric acid. The 
amylases that were obtained from Ti/apia admittedly have, on the 
- whole, a wide range from pH 5.0 to pH 8.0 of maximum activity. 
Field evidence from fish in ponds however, show that much lower 
gastric pH values obtain as a rule and such values must inhibit any 
amylase activity in the stomach. 

Perch, which is not herbivorous like Tilapia, appears to have fewer 
sources of amylase. Amylase, acccording to the data presented here, 
occurs in the pancreatic secretions but was not detected elsewhere. 
Although a similar state of affairs has been reported for elasmobranchs 
the published data on teleosts show that this enzyme usually occurs 
in both pancreatic and intestinal secretions (authors quoted by 
BARRINGTON, 1954, P. 140). However, the reduction in the sources 
of amylase in perch, a carnivorous omnivore, is carried still further 
in the case of the predator, Micropterus, which secretes no amylase 
at all (SARBAHI, 1951). 

A similar correlation between enzymes produced and natural diet 
can be found in relation to the sources of protease in Ti/apia and 
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perch. The major difference between the two fish lies in the fact that 
an active protease is produced in the lower part of the intestine of the 
perch but not in Tilapia. AL Hussaini (1949), who investigated three 
species of stomachless fish, Cyprinus, Rutilus and Gobio, found that 
although the normal diet of these fish ranged from mainly herbivo- 
rous (Cyprinus) to predominantly carnivorous (Gobio), there was 
active proteolytic enzyme production in the lower part of the in- 
testine in all three species. He concluded that this distribution of 
enzymes was related to the fact that all these fish were stomachless. 
This conclusion is supported by that of BEAUVALET (1933) who found 
that intestinal secretion of protease is not important in fish with 
stomachs but that such secretions assume considerable importance 
in stomachless fish. It is difficult to reconcile these views with the 
present data on the distribution of protease in the perch intestine 
but, in this species, another factor must be considered in this con- 
nection, namely osmoregulation which is discussed below. 

The gastric digestion in perch and 77/apia is of particular interest 
in view of the variability of pH found in the stomach under certain 
conditions. It is clear that, in the case of these two species and possi- 
bly in others too, the treatment and condition of the specimens 
prior to the taking of observations are important factors controlling 
the gastric pH. The sensitivity of this control appears to differ be- 
tween them for, in the case of Ti/Japza, the acidity of the stomach was 
often reduced within a few hours of capture whereas the perch seemed 
unaffected by aquarium conditions. 

The pH in the perch stomach was usually found to be low. The 
actual amount of acid produced, however, was variable being small 
in the case of fasting fish even after feeding unless salt was introduced 
into the stomach. Data collected by KROGH (1937), indicate that perch 
cannot easily make good the inevitable loss of salt due to osmoregu- 
lation, by absorption from the water via the gill surfaces. WIKGREN 
(1953) concluded from a number of experiments that, on the whole, 
aquatic animals are mainly dependent for their salt on absorption 
from food and that, although he showed that perch could absorb salt 
from an external solution, it was less efficient in this respect than 
most of the other animals examined. It is likely, therefore, that the 
osmoregulatory activity of perch may have to be limited during 
extended periods of fasting, a requirement which could lead to a 
condition of aestivation that is independent of temperature but, in 
fact, does occur during the winter months when food is likely to be’ 
scarce. When feeding is resumed, it is possible that the reserves of 
chloride in the fish are so depleted that the secretion of acid is re- 
duced for a period until sufficient salt has been absorbed from the food. 
During this period, gastric protein digestion must be similarly 
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limited and the fish is dependent to a correspondingly greater extent 
upon intestinal protein digestion. To all intents and purposes, perch 
may behave as a stomachless fish under these conditions and the 
views of BEAUVALET and AL HussaINI concerning the intestinal 
digestion in such fish are relevant. 

The mechanism controlling secretion of gastric acid in Tilapia 
seems to be complex and clearly the data collected are insufficient to 
do more than indicate that starvation and even a short confinement in 
aquaria may cause a reduction in secretion and that salt injections 
into the gut may cause an increase. Under natural conditions, the 
pH of the stomach was low, most exceptions being females who were 
carrying eggs in their mouths. The adequate correlation of the results 
from laboratory experiments with those collected from ponds and 
Jakes must await the collection of further data in the case of both 
perch and Ji/apia. The present results do make it apparent, however, 
that caution must be exercised in interpreting any observations 
regarding acid production. However, the suggestion may be advan- 
ced that the variability found in the pH of the stomach contents of 
certain fish by other workers may have been caused by aquarium 
storage. For instance, BAYLIss (1935) published a number of pH 
values of the stomach contents in plaice. He undoubtedly made use 
of aquarium tanks but he did not indicate for how long his specimens 
were stored before use. Although the lowest reading he obtained was 
2.4, most of the fish had stomach contents of a pH above 6.0, the 
highest reading being 7.6. On the other hand, BAyLiss showed that 
the activity of the gastric proteinase present exhibited a well marked 
optimum occuring between pH 1.5 and 2.5. As the success of the 
fish under natural conditions must largely depend on its efficient 
utilization of food ingested, the above pH readings seem unlikely 
to be a true reflection of the state of affairs in normal life. 

The observation that certain species of the blue green algae, 
Spirulina and Anabaenopsis, are easily digested by Tilapia, is of par- 
ticular interest for an enzyme capable of dissolving plant cell walls 
has only rarely been found in any animal even though a large pro- 
portion of them depend directly on plants for food. The data presen- 
ted here concerning the secretion of carbohydrate enzymes other than 
amylase are mainly negative. Certain of them do indicate, however, 
that secretions from the gastric mucosa activate a reaction producing 
pectic acid from pectin. Although it is known that pectic substances 
are often among the constituents of the cell wall of the Myxophyceae, 
the data are too few to decide whether the above reaction plays any 
significant part in their digestion. It is possible that no specific enzy- 
me is involved and that these cells autolyse, perhaps as a result of the 
acidity in the stomach of Tilapia, for heavy growths of these algae 
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have only been reported from certain very alkaline lakes. However, 
Tilapia species generally have a wide range of food material for apart 
from these algae, diatoms, zooplankton, aquatic water phanerogams, 
photosynthetic bacteria and organic bottom deposits are known to 
have been utilized successfully by these fish (FisH, 1955). The 
question as to whether the various Tilapia species can secrete a large 
variety of digestive enzymes or how far digestion of such a wide 
range of food is accomplished as a result of autolysis or previous 
mechanical and bacterial breakdown of the material is, as yet, unde- 
cided. There is little doubt, though, that further investigations on 
these lines are likely to be valuable from both a theoretical and an 
economic point of view. 


SUMMARY 


Data are presented concerning digestion in 7z/apia mossambica, 
Perca fluviatilis and certain other fishes. The distribution of protea- 
ses and amylases in the alimentary canal in these species has been 
determined together with their relative activity at different pH 


levels. The data show that the digestion of carbohydrates is probably \ 


more efficient in Tilapia which is a herbivore and that digestion of / 
proteins is less so compared with that in perch which is a carnivore. | 
Some factors controlling the secretion of acid into the stomach are 
examined and the probable action of these factors in nature is 
discussed. Evidence was found in Tilapia of a secretion which may be 
concerned with its digestion of certain species of Myxophyceae. 


ZUSAMMENFASSUNG 


Beschrieben werden einige Untersuchungen iiber die Verdauung 
von Tilapia mossambica, Perca fluviatilis und einigen anderen Fischen. 

Das Vorkommen von Proteasen und Amylasen im Darmtractus 
dieser Fische, und die Wirkung dieser Enzymen bei verschiedenem 
pH wurde untersucht. Es wurde festgestellt, dass die herbivore 77- 
lapia wahrscheinlich Kohlenhydrate besser, und Eiweiss weniger 
gut abbaut als die carnivore Perca. 

Einige Faktoren, welche Sduresecernierung im Magen beeinflus- 
sen und die mégliche Wirkung dieser Faktoren im Leben der Tiere, 
wurden besprochen. 

Es wurden Anweisungen gefunden fiir eine Sekretion, welche 
Tilapia befahigt bestimmte Myxophyceen-arten zu verdauen. 
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The Ephemeroptera, Plecoptera and 
Trichoptera caught by emergence traps 
in two streams during 1958 


T. GLEDHILL 


Freshwater Biological Association, The Ferry House, Ambleside, 
Westmorland, England 


With 2 figures and 1 table in the text 


INTRODUCTION 


In an investigation of the life-history of A meletus inopinatus EATON 
in Whelpside Ghyll (GLEDHILL 1959), two emergence traps were 
used to find the emergence period. It seemed worthwhile to record 
the other Ephemeroptera and the Plecoptera and Trichoptera caught 
so that comparison might be made with the results from similar 
-traps in a stream at lower altitude. Differences in the composition 
of the populations of the two stations and differences in the emergence 
period of species fairly abundant in both are discussed, and the data 
also throw some light on the question of temporal isolation of closely 
related species that emerge one after the other. 


THE STREAMS AND TRAPS 


Both streams are small and stony and have been described, the 
lower one, Ford Wood Beck, by Macan (1957) and the higher, 
Whelpside Ghyll, by GLEDHILL (1959). Macan (1958) found that 
the highest reading on a maximum and minimum thermometer 
hidden in Whelpside Ghyll at 2,000 ft (609 m) in 1952 was 15°C. 
Outgate Beck, a tributary of Ford Wood Beck, reached a maximum 
of 19°C during the same year. In 1951 and 1953 the maximum in 
Whelpside Ghyll was 13.9°C, 2.8°C below that of Outgate Beck in 
1951. A maximum and minimum thermometer near the mouth of 
Ford Wood Beck, where the traps were, showed that the maximum 
temperature always exceeded that at Outgate, the greatest difference 
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being 2.9°C. The difference between the maxima at the trapping 
stations in Whelpside Ghyll and Ford Wood Beck is, then, about 5°C. 

Two traps were used in each stream, a “pyramid” emergence trap 
(MunpIE 1956, fig. 3) and a trap of the floating box type, (MUNDIE 
1956, p. 9). The traps in Ford Wood Beck were 146 ft (44.5 m) 
above sea level and those in Whelpside Ghyll were 2,050 ft (624 m) 
higher. The “pyramid” traps were identical but the box types had 
different catching areas, the one in Whelpside Ghyll being smaller 
(1472 sq. cm) than that in Ford Wood Beck (3,333 sq.cm). The 
“pyramids” retained their captures, whereas the box-traps did not, a 
distinct disadvantage, especially when the trap in Whelpside Ghyll 
could not be visited sometimes for over a fortnight. In Ford Wood 
Beck the “pyramid” was in operation from 23 March and the box- 
trap from 12 May, in Whelpside Ghyll the “pyramid” from 22 
April and the box-trap from 30 May. The traps in both streams were 
kept in operation for some time after the capture of the last specimen. 

The suitability of emergence traps comes into question when a 
species list is the objective. During 1958 the traps in Ford Wood 
Beck yielded 6 of the 11 species of Ephemeroptera, 8 of the 17 species 
of Plecoptera and 7 of the 19 species of Trichoptera that have been 
recorded from the same station during seven years trapping. Some 
species may not be caught because they are scarce, but certain 
species, numerous as larvae or nymphs, are scarce in, or absent 
from, the traps, presumably because of their emergence habits. 
For example, MACKERETH (1957, fig. 1) shows Nemoura cambrica as 
being common, yet in the trapping season of 1953 only one specimen 
was taken. Perla bipunctata (carlukiana), another common species, 
has only been taken three times during seven years. Trapping of 
adults and larval and nymphal collections have been carried out 
in Ford Wood Beck for seven years whereas, in Whelpside Ghyll, 
traps have only been used for one year and larval and nymphal 
collections have been few; consequently species present in Whelpside 
Ghyll and absent from Ford Wood Beck can be listed with some 
confidence whereas the reverse is not so. 


RESULTS 


Fig. 1 and fig. 2 show the number of each species caught by both 
traps during 1958 in Whelpside Ghyll and Ford Wood Beck respec- 
tively. The total number of species caught in the two streams was: 


Ephemeroptera  Plecoptera _—‘ Trichoptera 
Whelpside Ghyll 4 12 fi 


Ford Wood Beck 6 8 7 
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Philopotamus montanus 
Ryacophila dorsalis 


Ryacophila obliterata 


Drusus annulatus 


Chaetopteryx villosa 


Kigerlt 
The number of each species caught by both traps during 1958 in Whelpside 
Ghyll. 
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Wormaldia subnigra 


Hydropsyche pellucidula 


Fig. 2. 
The number of each species caught by both traps during 1958 in Ford Wood 
Beck. 
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One species of Trichoptera, Potamophylax latipennis, caught by 
the traps in Whelpside Ghyll from 22 July to 9 September, is not 
shown on fig. 1 because it was not identified until after the figure 
was completed. Chironomids and other Diptera, although collected, 
have been ignored in this paper. 

Leuctra hippopus, L. inermis, Chloroperla torrentium, Isoperla 
grammatica, Baetis rhodani, B. pumilus and Philopotamus montanus 
were caught from both streams. Other species captured by the traps 
in Whelpside Ghyll and absent from Ford Wood Beck captures 
during 1958 have been taken in previous years. The only species 
never found in Ford Wood Beck are: 


Ameletus inopinatus which, except for some records from lochs in the 
_ extreme northwest of Scotland, is confined to streams at high altitudes 
(GLEDHILL 1959), 

Baetis tenax. MACAN (1957), who doubts whether B. tenax and 
B. vernus are distinct, does not record either from stony streams or 
stony rivers and finds them most plentiful in slow rivers with rooted 
vegetation. It occurs at high altitudes, for KIMMINS (1954) states that 
it may be found up to at least 1,700 ft (518 m) in the Lake District 
and WINKLER (1956) records it from brooks at an altitude of 1,000— 
1,100 m in Czechoslovakia. The distribution of the species is probably 
like that of Diura bicaudata described below. 


Protonemura montana has so far been recorded only from Britain 
. and only in small stony streams at high altitudes (HYNEs 1958). 


Diura bicaudata is an inhabitant of stony streams at altitudes above 
1,000 ft (304 m) and of stony lake shores (HyNES 1958). It has not 
been recorded from lowland streams except on the Isle of Man, where 
Perlodes microcephala (P. mortoni) is absent. HYNES (1953) suggests 
that the inability of D. bicaudata to compete with P. microcephala 
in running water at low altitudes may account for its distribution on 
the mainland. P. microcephala is present in Ford Wood Beck and, 
although absent from collections made above 2,000 ft (609 m) in 
Whelpside Ghyll, where D. bicaudata is common, has been recorded 
at 1,500 ft (457 m). BRINKHURST (1957) found both species present 
in the “‘middle reaches”’ of a stream in the Spey Valley, Inverness- 
shire, but only D. bicaudata in the “upper reaches”, above about 
2,250 ft (685 m). 


Capnia vidua occurs in small stony streams and is rare, often scarce 


(Hynes 1958). 
Species present in Ford Wood Beck and absent from Whelpside 


183 


Ghyll, as explained previously, cannot be listed with confidence. 
Paraleptophlebia submarginata, Habrophlebia fusca and Bdetis scam- 
bus have not been taken anywhere in Whelpside Ghyll. R/hithrogena 
semicolorata, Ephemerella ignita and Heptagemia lateralis are very 
scarce above 2,000 ft (609 m), and Ecdyonurus species have only 
been taken lower down the stream. Perlodes microcephala, Leuctra 
fusca and Chloroperla tripunctata have been absent from collections 
made above 2,000 ft (609 m) by the writer but P. microcephala is 
recorded from lower down the stream (MacaN and MACKERETH, 
unpublished records). It might be that Whelpside Ghyll is too cold 
for L. fusca, a species which grows during the summer months. 


Agapetus fuscipes and Silo pallipes, common in Ford Wood Beck, 
appear to be absent, at least above 2,000 ft (609 m). 

The proportion of Baetidae to Ecdyonuridae and Ephemerellidae 
is much higher in the Whelpside Ghyll station than in streams at 
lower altitudes and VERRIER (1953) has noted a similar change. 

Worthy of note is the absence, except forPhilopotamus montanus 
and Agapetus fuscipes, of Trichoptera from the traps in Ford Wood 
Beck until July and August. 

The succession of the Protonemura species is shown well in Whelp- 
side Ghyll although the appearance of the single specimen of P. 
meyert in September, three months after the main emergence, is 
puzzling. Hynes (1958) states that they may occur as late as Septem- 
ber. ILL1Es (1952) found a succession of Plecoptera emerging through- 
out the year although with some overlap. Collecting adults along 
the banks, he found that at the beginning of an emergence period 
come males, at the peak both sexes are about equal in number and 
that at the end there are only spent or ovigerous females, which 
means that there is therefore complete reproductive isolation. In 
Ford Wood Beck and Whelpside Ghyll there was a similar succession 
of Protonemura and Leuctra species but no such distribution of the 
sexes (table I), and the species of Leuctra except L. fusca were not 
isolated in time. 

The emergence period in the two streams of Leuctra hippopus, 
L. inermis and Chloroperla torrentium is considerably different. L. 
inermis in Ford Wood Beck has a compact emergence period and 
starts almost a month earlier than in Whelpside Ghyll. In the latter 
it is more spread out with a suggestion of two peaks. Emergence is 
beginning in Whelpside Ghyll as it is drawing to a close in Ford Wood 
Beck. Again, the emergence period of C. torrentium in Whelpside 
Ghyll is longer and begins later than in Ford Wood Beck. Peak 
emergence is in August in the former and in June in the latter. 

What causes this difference? BRINCK (1949) found that hiemal 
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TABLE I. 


Distribution of the sexes during the emergence period of 6 species of Plecoptera 
caught in emergence traps during 1958. 


Protonemura praecox 


Whelpside Ghyll 1 Dele Sits a Sew! <b ang 
ee ae oo a aoa 

Protonemura meyeri 
Whelpside Ghyll Be arr apna ® [PRA mets RE o_O ae 
eal leas ee) td inks ote = ee. QD 

Protonemura montana 
Whelpside Ghyll he em Se a 
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Leuctra hippopus 
Whelpside Ghyll 142-+1-+-.+-+----- - @ 
o2 


Ford Wood Beck 15 -1t1--+---+---- = ¢ 
Solel y= 12560 SS eR ere = OO 
Leuctra inermis 
Whelpside Ghyll J eS OE Sa Sa ees he ee eer vey 
; 685433 711---- - 9 
Ford Wood Beck eR ok ke em em ee 
Sere LS eee: ye) ere OO 
Chloroperla torrentium 
Whelpside Ghyll l1-1%1-i1i%1-+-+-+--- = 3 
- l-2%1--1--+--- = 
Ford Wood Beck eS I eS ee Gea een beh eves 
tise bo ae leet. | ot shi OO 


species, those growing during autumn, winter and spring, with a late 
emergence period are distinctly affected by climatic conditions. He 
found that Brachyptera risi emerged mainly in May in South Sweden 
but in the high mountains not until July with the peak in August. 

Difference in temperature seems the most likely explanation of the 
differences in emergence times, but undoubtedly the relationship is 
not a wholly straightforward one. If it were, there should have been a 
greater difference in emergence times than has been observed be- 
tween successive years in Ford Wood Beck. Leuctra inermis has 
emerged from Ford Wood Beck for the past six years during May and 
June with only about in 14 days difference between first emergers 
during that time and Chloroperla torrentium, emerging during May, 
June and July, has had only about 19 days difference between first 
emergers. Moreover the latest emergences of these species did not 
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always occur in the coldest seasons, nor the earliest in the warmest. 
Macan (1958, p. 99) contrasting the warm winter of 1956/57 with 


the 
the 


cold winter of 1954/55 in Ford Wood Beck, found that by May 
warmer season was between 3 and 4 weeks ahead of the colder. 


Records, however, show that Leuctra inermis emerged about 10 days 
later in 1957 than in 1955. Chloroperla torrentium on the other hand 


did 


emerge earlier, about 8 days, in 1957. Leuctra fusca emerged at 


almost the same time in the two contrasted years. Although tempe- 
rature may considerably influence emergence, it is suggested that, if 
species emerge at, or roughly at, the same time each year, some other 
factor is controlling emergence. 
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SUMMARY 


. The captures from emergence traps in a high mountain stream, 


Whelpside Ghyll, are compared with those from similar traps 
in a warmer lower stream, Ford Wood Beck. 


. The number of species caught by the Ford Wood Beck traps and 


the number of species known to inhabit the stream are discussed. 


. In Whelpside Ghyll the traps yielded 4 species of Ephemerop- 


tera, 12 of Plecoptera and 7 of Trichoptera, in Ford Wood Beck, 
6 species of Ephemeroptera, 8 of Plecoptera and 7 of Trichoptera. 


. Leuctra hippopus, L. inermis, Chloroperla torrentium, Isoperla 


grammatica, Bdetis rhodam, B. pumilus and Philopotamus 
montanus were caught from both streams. 


. Species found in Whelpside Ghyll and not in Ford Wood Beck 


are Ameletus inopinatus, Bdetis tenax, Protonemura montana, 
Diura bicaudata and Capnia vidua, of which two are known high- 
altitude species and one, possibly two, is known also from stony 
lake shores being kept out of other habitats presumably by 
competition. 


. The proportion of Baetids to Ecdyonurids and Ephemerellids 


is higher in the Whelpside Ghyll station than in streams at 
lower altitudes. 


. There was, in both streams, a succession of Protonemura and 


Leuctra species but the Leuctra species, except L. fusca, were not 
isolated in time. 


. The distribution of the sexes during the emergence period of 6 


species of Plecoptera is shown. 


. There was a considerable difference in the emergence period 


from the two streams of Leuctra hippopus, L. inermis and Chloro- 
perla torrentium, the emergence period in Ford Wood Beck 
being earlier and shorter than in Whelpside Ghyll. 


. Leuctra inermis has emerged from Ford Wood Beck during six 


successive years in May and June with only about 14 days 
difference between first emergers, and Chloroperla torrentium, 
emerging during May, June and July, has had only about 19 
days difference between first emergers during that time. 


ZUSAMMENFASSUNG 


Schlipfende Imagines wurden in einem etwa 600 m iiber dem 
Meeresspiegel liegenden Bach und in einem zweiten, niedrigeren 
Bach gefangen. Der Maximum-Temperaturwert war um 5° C hoher 
in dem niedrigeren Bach. Nur in dem hoheren Bach kamen A meletus 
inopinatus, Baetis tenax, Diura bicaudata und Capnia vidua vor. 
Die Arten, die lediglich in dem niedrigeren Bach gefunden wurden, 
sind ebenfalls erértert. Im niedrigeren Bach fand der erstmalige 
Imagines-Auftritt frither statt und die Flugzeit war kiirzer. In den 
Gattungen Protonemura und Leuctra folgte eine Reihe von Arten 
nacheinander, aber die spateste der einen und die friiheste der 
nachsten erschienen zusammen. 
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Prof. Dr. E. BARTOs bereitete sich auf die Abfassung der vorliegenden Mo- 
nographie der Radertiere der Tschechoslowakei mehr als zwei Jahrzehnte vor. 
In der zuriickliegenden Zeit publizierte er monographische Bearbeitungen 
mehrerer Gattungen und auch grdésserer systematischen Gruppen, und aus 
dem Territorium der Tschechoslowakei selbst beschrieb er mehr als 30 fiir die 
Wissenschaft neue Arten von Radertieren. 

In der Einleitung wird eine knappe Ubersicht iiber die Historie des Stu- 
diums von Radertieren in der Tschechoslowakei geboten, beginnend mit dem 
Buche von ScopPoti ,,Introductio ad historiam naturalem .. .’’ aus dem Jahre 
1777. Die eigentliche Arbeit, welcher noch eine systematische Ubersicht der 
in dem Werke bearbeiteten Radertierarten vorausgeht, ist in einen allgemeinen 
und einen systematischen Teil, auf welchen das Hauptgewicht gelegt wird, 
gegliedert. 

Im allgemeinen Teile, (+ 70 Seiten), macht der Autor mit dem dusseren 
und inneren Bau des Ké6rpers der Radertiere bekannt. Die Beschreibungen 
des Aufbaues und der Funktion der K6rperorgane und deren Systeme wird 
erganzt durch anschauliche Zeichnungen. Der Autor erlaéutert im Detail 
namentlich den Bau des Raderorgans und des Kauapparates, dieser vom syste- 
matischen Gesichtspunkt aus gesehen sehr wichtigen Organe. In den weiteren 
Abschnitten werden die Oogenese, die embryonale und postembryonale 
Entwicklung, die Okologie, die Phylogenese, die zyklische Entwicklung und 
sehr kurz die Variabilitét der Radertiere behandelt. Im allgemeinen Teil 
befindet sich auch ein Abschnitt tiber die Geschichte der Einordnung der 
Radertiere in das System des Tierreichs und tiber deren Klassifizierung. 
Fiir die systematische Klassifizierung der Radertiere hilt sich der Autor an die 
zuletzt getroffene Einteilung, welche von REMANE (1933) stammt, jedoch nur 
in groben Wesensziigen: er erkannte, dass es am vorteilhaftesten ist, die Klasse 
Rotatoria in zwei neue Unterklassen zu unterteilen: Seisona /mit einer Ord- 
nung Sezsonidea/ und Eurotatoria mit den Uberordnungen Digononta und 
Monogononta. In die Uberordnung Digononta gehort eine Ordnung — 
Bdelloidea, wihrend die Uberordnung Monogononta in drei Ordnungen 
zerfallt: Ploima, Flosculariacea und Collothecacea. Der Autor hilt also die 
REMANE’sche Ordnung Bdelloidea fiir eine besondere Uberordnung Digononta, 
die Ordnung Monogononta erhob er zu einer Uberordnung, und deren drei 
Unterordnungen zu Ordnungen. ; 

Im systematischen Teile, (+ 800 Seiten), verfahrt der Autor gemass dem 
Systeme. Hinter dem Schliissel zur Bestimmung der Unterklassen, Uberord- 
nungen und Ordnungen folgen die Schliissel zur Bestimmung der Familien, 
Gattungen, Arten und in einigen Fallen auch der niedrigeren Kategorien. Die 
Schliissel sind klar und die meisten davon wurden vom Autor selbst zusammen- 


189 


gestellt, nur die Schliissel der kleinen Gattungen wurden ubernomme Tr: 
grosstenteils mit Modifikationen. Allen systematischen Kategorien geht eine 
kurze Diagnose voraus. Bei jeder Art oder Form werden die Synonyma ange- 
fiihrt, den gréssten Teil nimmt die eigentliche Diagnose ein, dann folgt eine 
kurze 6kologische Bemerkung, ferner die geographische Verbreitung und die 
Verbreitung in der Tschechoslowakei. In dem Werke fihrt der Autor 673 
Arten und Formen von Rédertieren an, die in der Tschechoslowakei festge- 
stellt wurden. Im ganzen werden jedoch im systematischen Teile 782 Arten 
und Formen bearbeitet, unter denen auch 109 Arten bzw. Formen eingeschlos- 
sen sind, die aus dem Gebiet der CSR bisher nicht bekannt waren, deren Vor- 
kommen dort aber wahrscheinlich ist. Die Schltissel und Beschreibungen 
werden mit anschaulichen Zeichnungen auf Tabellen ergénzt, welche im 
Text bis auf geringfiigige Ausnahmen, in der Nahe der Diagnosen unterge- 
bracht sind. Eine grosse Menge der Zeichnungen sind Originale. 

Ausser Anderungen in den héheren Texonen unternahm der Autor be- 
stimmte Anordnungen und Verschiebungen in der Klassifizierung, auch 
sofern es sich um niedere Kategorien handelt, hauptsaichlich um Familien, 
aber auch Gattungen, u. zw. namentlich bei der Ordnung Ploima. Im Rahmen 
der Gattung Lecane stellte er eine neue Untergattung auf — Hemimonostyla 
Bartos, die eine Ubergangsuntergattung zwischen den Untergattungen Le- 
cane und Monostyla darstellt. 

Die Bibliographie wird in zwei Gruppen unterteilt. In der ersten Gruppe 
fiihrt der Autor solche Arbeiten an, in welchen Originalbeschreibungen und 
Abbildungen von Arten, die im vorliegenden Werke behandelt werden, ent- 
halten sind. Der zweite Teil stellt die gesamte rotatoriologische Literatur der 
Tschechoslowakei dar. Das Buch wird mit Registern von Fachausdriicken, 
den tschechischen Namen der Radertiere und mit einem sorgfaltig zusammen- 
gestellten Verzeichnis der wissenschaftlichen Namen abgeschlossen. 

Abschliessend kann gesagt werden, dass die Monographie der tschecho- 
slowakischen Rotatorien der Feder von Prof. Dr. E. BARTos nicht nur ein 
unentbehrliches Handbuch fiir die tschechoslowakischen Hydrobiologen 
wird, sondern auch einen wertvollen Beitrag zur Weltliteratur der Ridertiere 
bedeutet. 
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